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I .  INTRODUCTION
The work on which t h i s  t h e s i s  i s  based was c a r r ie d  o u t 
p a r t l y  i n  1947-8 in  th e  U n iv e rs ity  D epartm ent o f M edicine, 
S h e f f ie ld ,  under P ro fe s so r  C .H .S tu a r t-H a rr is ,  p a r t l y  in  
1948-50 in  th e  W alter and E l iz a  H a ll  I n s t i t u t e  of M edical 
R esearch , M elbourne, A u s t r a l ia ,  under S ir  M acfarlane B urnet, 
and m ain ly  d u rin g  th e  p a s t 3 y e a rs  in  th e  World In f lu e n z a  C en tre , 
The N a tio n a l I n s t i t u t e  fo r  M edical R esearch , M ill  H i l l ,  under 
Dr. C.H. Andrewes. Many o f th e  id e a s  in  t h i s  th e s i s  were 
n o t  o r ig in a l ly  ray own b u t came from th e  w r i t in g s  and c o n v e rsa tio rs  
o f my te a c h e r s ;  i f  I  have borrowed to o  f r e e ly  i t  i s  because 
o f the  com pelling  lo g ic  o f t h e i r  id e a s  r a th e r  th a n  from a 
co n sc io u s  p la g ia r is m .
U n ti l  1947) s tudy  of th e  in f lu e n z a  v iru s e s  as epidemic 
ag en ts  was c a r r ie d  out in d e p en d en tly  in  a number o f d i f f e r e n t  
c o u n t r ie s .  In  v iew  o f  the ra p id  way in  w hich in f lu e n z a  
a p p a re n tly  sp read s  a c ro ss  c o u n tr ie s  and even c o n t in e n ts ,  i t  
became obvious th a t  on ly  by s tu d y  on an in te r n a t io n a l  b a s is  
could  a c c u ra te  in fo rm a tio n  be o b ta in ed  about th e  o r ig in  and 
sp read  o f in f lu e n z a  ep idem ics. As a r e s u l t  th e  World H ealth  
O rg an isa tio n  s e t  up a s t r u c tu r e  c o n s is t in g  of a ch a in  of 
la b o ra to r ie s  (R egional In f lu e n z a  C en tres) th roughou t the  
w orld , a World In f lu e n z a  C en tre  in  London under th e  d i r e c t io n  
o f D r. C.H. Andrewes, and an in fo rm a tio n  s e rv ic e  in  Geneva.
During an in f lu e n z a  epidem ic th e  R egional L a b o ra to r ie s  t r y  to  
i s o l a t e  in f lu e n z a  v i r u s  s t r a i n s  which a re  th en  se n t as q u ic k ly  
as p o s s ib le  to  the  World In f lu e n z a  C en tre  where s e ro lo g ic a l  
com parisons a re  c a r r ie d  o u t .  The World In f lu e n z a  C en tre  a ls o  
m a in ta in s  c o n ta c t  w ith  an analogous S tr a in  Study C entre  f o r  th e  
Americas in  New York under th e  d i r e c t io n  o f Ur. T .P . Magi11.
I  have been fo r tu n a te  enough to  be re sp o n s ib le  f o r  th e  la b o ra to ry  
work o f th e  World In f lu e n z a  C entre  and fo r  th e  t r a in in g  o f 
v i s i t i n g  w orkers du ring  th e  p a s t  3 y e a rs ,  and t h i s  has g iven  
me a good o p p o rtu n ity  to  s tu d y  epidem ic in f lu e n z a  from  a most 
fav o u rab le  v an tage  p o in t .  For t h i s  and f o r  much more I  am 
m ost g r a te f u l  to  a l l  my te a c h e rs  and p a r t i c u la r ly  to  Dr.
Andrewes. I  am a ls o  m ost g r a te f u l  to  D r. T .P . M a g ill, w ith  
whom I  had many h e lp fu l  d is c u s s io n s  du rin g  a v i s i t  to  h is  
la b o ra to ry  in  New York under th e  au sp ices  of th e  World H ealth  
O rg a n isa tio n .
I I .  TECHNIQUES OF STUDY
Methods o f A n tigen ic  A n a ly s is  of In f lu e n z a  V im s S tr a in s  
The a g g lu t in a t i  o n - in h ib i t io n  t e s t
Many o f th e  argum ents which fo llo w  r e s t  on a n t ig e n ic  
s i m i l a r i t i e s  o r  d if f e r e n c e s  found in  s t r a i n s  o f in f lu e n z a  v i r u s .  
I t  seems w orth  w h ile , th e r e f o r e ,  to  g ive  a c r i t iq u e  and a 
j u s t i f i c a t i o n  o f th e  te ch n iq u e  o f a n t ig e n ic  a n a ly s is  chosen .
Many te ch n iq u es  o f  a n tig e n ic  a n a ly s is  of In f lu e n z a  v iru s e s  
a re  a v a i l a b l e . They can be b ro ad ly  d iv id e d  i n t o :
( a ) in  v iv o  n e u t r a l i s a t io n  t e s t s  and
(b) i n  v i t r o  te c h n iq u e s .
In  v ivo  n e u t r a l i s a t io n  t e s t s  measure v i r u s - n e u t r a l i s in g  
a n tib o d ie s ,  and fo r  p a r t i c u l a r  problem s th ey  cannot be sup p lan ted  
by in  v i t r o  te c h n iq u e s . V irus-serum  n e u t r a l i s a t io n  t e s t s  in  
th e  mouse lu n g , th e  a l l a n to i c  c a v ity  o f th e  ch ick  embryo o r 
in  su rv iv in g  fragm en ts  o f c h o r io - a l la n to ic  membrane in  t i s s u e  
c u l tu r e  a re  u s e f u l  fo r  d e ta i le d  a n tig e n ic  a n a ly s is  o f sm all 
numbers of s t r a i n s .  They a re  im p ra c t ic a l ,  however, f o r  
a n tig e n ic  a n a ly s is  o f th e  la rg e  numbers o f s t r a i n s  re q u ire d  
in  e p id em io lo g ica l s tu d ie s .  A lso, n e u t r a l i s a t io n  t e s t s  tend  
to  be more s p e c if ic  th a n  th e  in  v i t r o  t e s t s  and thus th e  broad 
s i m i l a r i t i e s  between s t r a in s  may be obscured  by f in e  d i f f e r e n c e s .
In  v i t r o  t e s t s  a re  more p r a c t i c a l  fo r  t h e  p re se n t p u rp o se . 
The choice la y  between th e  co m p lem en t-fixa tion  t e s t  u s in g  v i r u s  
e lem en tary  bod ies  and the  h a e m a g g lu tin a tio n - in h ib itio n  t e s t .
The com p lem en t-fix a tio n  te ch n iq u e  i s  n o t v e ry  s p e c if ic  and 
a lth o u g h  i t  a llo w s s t r a i n  d i f f e r e n t i a t i o n  between th e  m ajor 
a n tig e n ic  ty p e s  and su b types o f in f lu e n z a  v i r u s e s  (F u lto n  & 
Dunibell, 1949) i t  does no t c l e a r ly  d is t in g u is h  m inor a n t ig e n ic  
groupings (Chu, Andrewes & G le d h i l l ,  1950; I s a a c s ,  G le d h i l l  
& Andrewes, 1952). The a g g lu t in a t io n - in h ib i t io n  t e s t  does 
d is t in g u is h  m inor a n tig e n ic  g roupings and s in c e  i t  i s  t e c h n ic a l ly  
v e ry  simple and can be c a r r ie d  out r a p id ly ,  i t  can  be r e a d i ly  
adap ted  to  com parisons o f  la rg e  numbers o f s t r a i n s .  These 
advan tages made th e  a g g lu t in a t io n - in h ib i t io n  t e s t  th e  method 
o f c h o ic e . However, th e  ap p aren t s im p l ic i ty  o f th e  t e s t  i s  
o f f s e t  by d i f f i c u l t i e s  in  in te r p r e t i n g  th e  r e s u l t s ,  and th e se  
a re  in  tu r n  l in k e d  to  the  n e c e s s i ty  fo r  a t te n d in g  to  many 
te c h n ic a l  d e t a i l s .  Two m ajor te c h n ic a l  arrangem ents and a 
number of m inor d e t a i l s  r e q u ire d  to  be s e t t l e d  befo re  any 
u n ifo rm ity  could  be ex p ec ted  o f th e  h aem ag g lu tin a tio n - 
in h ib i t i o n  t e s t  a s  a to o l  f o r  a n tig e n ic  a n a ly s is .
I n h ib i to r s  o f v i r u s  a g g lu t in a t io n  i n  norm al an im al s e r a : S ince
th e  e a r l i e s t  d e s c r ip t io n s  o f a g g lu t in a t io n - in h ib i t io n  t e s t s  
(H ir s t ,  1942) i t  was known th a t  th e  s e ra  of norm al an im als may 
in h i b i t  a g g lu t in a t io n  by in f lu e n z a  v i r u s e s .  O bviously 
d i f f i c u l t i e s  in  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o f a g g lu tin a tio n  
in h ib i t i o n  t e s t s  would be in c re a se d  enormously u n le s s  one could  
be c e r t a in  o f t r e a t in g  th e  s e ra  in  some way w hich would a b o lis h  
th e  e f f e c t s  o f  norm al in h i b i to r s  of a g g lu tin a t io n  w ith o u t
a f f e c t in g  s p e c i f i c  a n tib o d y  t i t r e s .
T his problem  was com plica ted  by c o n f l i c t in g  r e p o r ts  and 
con fu sin g  nom enclature i n  th e  l i t e r a t u r e  abou t norm al serum 
in h ib i to r s  o f a g g lu t in a t io n .  However, i t  now ap p ea rs  t h a t  
th e  i n h i b i to r s  in  norm al s e ra  can be b ro ad ly  d iv id e d  in to  two 
c la s s e s .
(a )  Some s e ra ,  n o ta b ly  th o se  of th e  f e r r e t  and fow l, 
c o n ta in  a h e a t - s t a b le  (100°C. fo r  15 m in .)  i n h i b i to r  w hich  i s  
p a r t i c u l a r ly  a c t iv e  a g a in s t  s t r a i n s  o f in f lu e n z a  B h ea ted  a t  
56°C. fo r  30 m inu tes (F ra n c is ,  1947) and i s  in a c t iv a te d  on 
in c u b a tio n  w ith  in f lu e n z a  v i r u s e s  and w ith  p u r i f i e d  r e c e p to r -  
d e s tro y in g  enzyme (RDE) o f V. ch o le rae  (A nderson, 1948).
(b) Some s e ra ,  p a r t i c u l a r l y  th o se  o f  th e  r a b b i t ,  g u in e a -  
p ig  and mouse c o n ta in  a h ea t l a b i l e  in h i b i to r  which i s  
p a r t i c u l a r ly  a c t iv e  a g a in s t  unadapted bu t n o t m ouse-adapted 
l i n e s  o f  in f lu e n z a  A(Chu, 1951). Ib i s  n o t in a c t iv a te d
on in c u b a tio n  w ith  in f lu e n z a  v iru s e s  and w ith  p u r i f ie d  RDE.
The form er ty p e  o f  in h i b i to r  i s  g e n e ra l ly  known a s  F ra n c is  
i n h ib i to r  andihe l a t t e r  has been c a l le d  Chu i n h i b i to r ,  a f t e r  
the  names o f th e  w orkers who f i r s t  p o in te d  o u t th e  im p o rtan t 
c h a ra c te r s  o f each . These names p robab ly  co rrespond  to  the  
°( and -p in h ib i to r s  in  r a b b i t  serum d e sc r ib e d  by Sm ith, 
Westwood and B elyav in  (1951). Sampaio (1952) has d esc rib e d  
th e  d i s t r i b u t io n  o f th e  two in h ib i to r s  in  normal an im al s e r a .
The f i r s t  p r a c t i c a l  method o f removing th e se  in h ib i to r s
from an im al s e ra  was th e  use of crude e x t r a c ts  of V. c h o le ra e  
(M ulder, van d e r  Veen, Brans & E n se rin k , 1949)* At th a t  
tim e th e  two ty p e s  o f in h i b i to r  had n o t been c l e a r l y  d is t in g u is h e d  
and th e y  were p ro b ab ly  lin k e d  to g e th e r  under th e  t i t l e  "non­
s p e c if ic  in h i b i to r s " .  Van der Veen and M ulder (1950), Appleby 
and S tu a r t -H a r r i s  (1950) and Chu, Andrewes and G le d h i l l  (1950) 
c o n f im e d  th e  u s e fu ln e s s  o f c rude  V. c h o le ra e  e x t r a c t s  and 
concluded from  t h e i r  s e p a ra te  experim ents th a t  th e  a c t iv e  
f a c to r  in  V. ch o le ra e  f i l t r a t e s  was n o t th e  r e c e p to r -d e s tro y in g  
enzyme (RDE).
Crude V. c h o le ra e  f i l t r a t e s  were o b v io u sly  v e ry  im p e rfe c t 
to o l s  o f in v e s t ig a t io n  however, s in ce  t h e i r  mode o f  a c t io n  was 
com ple te ly  unex p la in ed  and th e re  was no means o f s ta n d a rd is in g  
th e  po tency  o f d i f f e r e n t  b a tch es  of f i l t r a t e .  We th e re fo re  
in v e s t ig a te d  th e  p ro p e r t ie s  o f th e  unknown f a c to r  in  V. c h o le ra e  
e x t r a c t  u s in g  f e r r e t  serum as a source  o f norm al in h i b i to r ;  
f e r r e t  serum was chosen by u s  and by e a r l i e r  w orkers s in c e  a n t i ­
s e ra  fo r  ro u t in e  ty p in g  of s t r a in s  in  t h i s  la b o ra to ry  had alw ays 
been p repared  in  f e r r e t s .  I t  was s u rp r is in g  to  f in d  th a t  the  
p ro p e r t ie s  o f th e  unknown f a c t o r  resem bled v e ry  c lo s e ly  those  
o f RDE, .and in  f a c t ,  when th e  hydrogen-ion  c o n c e n tra tio n  was 
c o n tro l le d  a t  pH 6 .2 , p u r i f i e d  RDE was h ig h ly  a c t iv e  in  
d e s tro y in g  th e  i n h i b i to r  in  f e r r e t  serum ( see Table 1 ) .
We concluded th a t  th e  a c t io n  of crude V. ch o le rae  f i l t r a t e s  
on f e r r e t  serum in h ib i to r  was due to  i t s  RDE c o n te n t ( I s a a c s  &
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Bozzo, 1951)* This f in d in g  has been confirm ed by Murphy 
(1952) who b e l ie v e s  th a t  th e  m istak en  co n c lu s io n  o f th e  
e a r l i e r  w orkers was due to  t h e i r  n e g le c tin g  th e  c o n t ro l  o f 
pH.
T his work, and th e  c o n c lu s io n s  reached , r e f e r r e d  on ly  
to  f e r r e t  serum w hich co n ta in s  m ainly  F ran c is  i n h i b i to r  
(Sampaio, 1952 ). However, P ro fe s so r  Mulder to ld  us th a t  
p u r i f i e d  RDE had no a c t io n  on r a b b i t  serum  in h i b i to r  b u t t h a t  
crude V. ch o le ra e  e x t r a c ts  w ere a c t iv e  (see  a ls o  Chu, 1951)•
I t  seemed odd th a t  V. c h o le ra e  e x t r a c ts  should c o n ta in  two 
f a c to r s  a c t iv e  a g a in s t  two d i f f e r e n t  ty p e s  o f i n h i b i to r  and 
a t  f i r s t  i t  was su sp ec ted  t h a t  some f a c to r  such as pH or 
c o n c e n tra tio n  o f  a p a r t i c u la r  io n  was in v o lv ed , a lth o u g h  
t h i s  d id  n o t prove to  be th e  ca se . P ro fe s so r  M ulder s e n t 
us a sample of crude V. ch o le ra e  e x t r a c t  w hich was v ery  
a c t iv e  a g a in s t r a b b i t  serum i n h i b i to r ,  and t h i s  was used  
f o r  in v e s t ig a t in g  th e  second a c t iv e  component of V. ch o le rae  
e x t r a c t s .  The a c t iv e  f a c to r  was found to  be h e a t - l a b i l e ,  
to  be p r e c ip i ta te d  by h a lf  s a tu r a t io n  w ith  ammonium su lp h a te  
and to  be adsorbed  a f t e r  f i l t r a t i o n  through c o llo d io n  membranes. 
These p re lim in a ry  o b se rv a tio n s  suggested  t h a t  th e  second 
component m ight be m acro -m olecu lar, p o s s ib ly  p ro te in ,  and to  
t e s t  t h i s  p o s s i b i l i t y  f u r th e r  th e  V.  c h o le ra e  f i l t r a t e  was 
in cu b a ted  w ith  t r y p s in .  At f i r s t  th i s  experim ent appeared 
to  g ive  a n e g a tiv e  r e s u l t  b u t when a c o n tro l  t e s t  w ith  t r y p s in
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a lo n e  was in c lu d ed  i t  was found t h a t  th e  t r y p s in  i t s e l f  was 
h ig h ly  a c t iv e  on r a b b i t  serum in h ib i to r  (s e e  Table I I ) .  I t  
was known t h a t  V. c h o le ra e  f i l t r a t e s  c o n ta in ed  a t r y p s in ­
l i k e  enzyme ( S tone , 1949) and we found th a t  th e  f a c to r  in  
crude V. c h o le ra e  e x t r a c t s  a c t iv e  a g a in s t  r a b b i t  serum 
in h i b i to r  was s im ila r  to  t r y p s in  in  many o f i t s  p r o p e r t i e s .
We concluded t h a t  th e  f a c to r  i n  crude Y. c h o le ra e  e x t r a c t s  
a c t iv e  a g a in s t  th e  Chu in h i b i to r  in  r a b b i t  serurn was p robab ly  
a t r y p s in - l i k e  enzyme (Sampaio & I s a a c s ,  1953). V/e a lso  
found th a t  c r y s ta l l in e  t r y p s in  was h ig h ly  a c t iv e  in  d e s tro y in g  
bo th  F ra n c is  and Chu in h ib i to r s  i n  f e r r e t ,  fow l, r a b b i t ,  mouse 
and g u in e a -p ig  s e r a  under c o n d itio n s  where s p e c if ic  an tibody  
t i t r e s  w ere u n a f fe c te d . I t  seems p o s s ib le  t h a t  th e  Chu 
in h ib i to r  i s  a p ro te in  and th e re  i s  good ev idence  th a t  th e  
F ran c is  i n h i b i to r  i s  a m ucopolysaccharide. T rypsin  i s  
presum ably a c t iv e  a g a in s t th e  p ro te in  m olecule of Chu 
in h ib i to r  and the p r o te in  m oiety o f th e  m ucoprotein 
m olecule of F ra n c is  i n h i b i to r  w hereas RDF p robab ly  a c ts  on 
th e  carbohydrate  p ro s th e t ic  groups (G o ttsch a lk , 1952) of th e  
m ucopolysaccharide m olecu le . Crude V. ch o le rae  e x t r a c t  i s  
p robab ly  a c tiv e  on in h ib i to r s  in  d i f f e r e n t  anim al s e ra  as a 
r e s u l t  o f both  i t s  RDE and i t s  t r y p s in - l ik e  enzyme. However, 
crude Y. ch o le ra e  e x t r a c t s  a re  no t easy to  p rep are  and th e y  
a re  l i a b l e  to  co n ta in  v a r ia b le  amounts o f th e  two enzymes.
A lso , th e  t r y p s in - l ik e  enzyme a t ta c k s  the  RDE enzym ica lly  .
(S tone , 1949) and th u s  th e  enzymic com position  o f  th e  ¥ . c h o le ra e  
e x t r a c t s  becomes a l t e r e d  on s to r a g e .  C r y s ta l l in e  t r y p s in  can 
be o b ta in ed  com m ercially  and i t s  in h ib i to r  d e s tro y in g  a c t i v i t y  
a g a in s t each  o f  th e  above an im al s e ra  i s  known on th e  b a s is  
o f th e  w eigh t o f  enzyme re q u ire d /m l. o f serum (Sampaio & I s a a c s ,  
1953). I t  i s  a ls o  v e ry  sim ple to  use -  i t  i s  n ece ssa ry  to  
m ix serum and t r y p s in  and h e a t a t  56°C. f o r  30 m inu tes on ly ; 
th e  h e a t in a c t iv a te s  bo th  th e  serum  and th e  t r y p s in  and th e  
serum i s  th e n  read y  f o r  im m ediate u s e .  T ry p sin  i s  l i k e l y  to  
re p la c e  V. c h o le ra e  e x t r a c t  in  a n tih aem ag g lu tin in  t e s t s  and 
we have found i t  to  be a m ost s a t i s f a c to r y  agent fo r  u se  in  
ro u tin e  t e s t s .
The u se  o f a n t i s e r a  p rep ared  i n  d i f f e r e n t  a n im a ls : The second
main f a c t o r  which re q u ire d  a t te n t io n  in  th e  te c h n iq u e  of th e  
h a e m a g g lu tin a tio n - in h ib itio n  tech n iq u e  was th e  type, o f anim al 
to  be used  f o r  p re p a rin g  a n t i s e r a .  In  t h i s  co u n try  and in  
many European la b o r a to r ie s  i t  has been th e  p r a c t ic e  to  use 
f e r r e t s  f o r  p re p a rin g  a n t i  s e ra ,  fo llo w in g  on th e  d isco v ery  
th a t  th e se  an im als  were s u s c e p tib le  to  in f e c t io n  w ith  in f lu e n z a  
v iru s e s  (Sm ith, Andrewes & L aid law , 1933). In  o th e r  la b o ra to r ie s  
p a r t i c u la r ly  i n  th e  U nited S ta te s  of America, se ra  a re  f re q u e n tly  
p rep ared  by im m unising r a b b i t s  o r  fo w ls , presum ably because 
o f  th e  d i f f i c u l t y  o f keeping f e r r e t s  in  i s o l a t i o n .  A p r i o r i  
i t  m ight be expected  t h a t  sera, from anim als co n v a lescen t 
from  in f lu e n z a  would r e a c t  d i f f e r e n t ly  from se ra  from immunised
anim als and t h i s  has proved to  be th e  c a se . There i s  some 
ev idence th a t  s e ra  from  anim als immunised w ith  in f lu e n z a  v iru s  
show c ro s s  r e a c t io n s  w ith  e x t r a c t s  o f th e  v i r u s  h o s t c e l l s ,  
i . e .  norm al ch ick  embryo tis su e s (A n th a n a ry a n , 1953) and on 
th e o r e t i c a l  g rounds, th e r e f o r e ,  p o s t - in f e c t io n  se ra  a re  to  be 
p r e f e r r e d .  In  p r a c t i c e ,  we found th a t  two sub types o f  in f lu e n z a  
v i r u s  A, th e  L iv e rp o o l and Scandinavian  (1951) sub types , cou ld  
be r e a d i ly  d i f f e r e n t i a t e d  by f e r r e t  s e ra  b u t n o t by fow l s e ra  
( I s a a c s ,  G le d h i l l -& Andrewes, ±952), a f in d in g  which ag ree s  
w ith  t h a t  o f H illem an (1951 ). V arious anim al s e ra  were th en  
compared by Sampaio (1952) who concluded t h a t  p o s t - in f e c t io n  
s e ra  from the  f e r r e t  o r ham ster gave more s p e c if ic  r e s u l t s  
th a n  immune s e ra  from  th e  fow l, r a b b i t ,  g u in e a -p ig  o r mouse.
I t  seems th e re fo re  th a t  th e o r e t i c a l  and ex p erim en ta l argum ents 
supp o rt th e  use o f  th e  f e r r e t  fo r  p re p a rin g  an tise ru m . Dr. 
M ag ill f in d s ,  however (p e rso n a l communication) th a t  hyperimmune 
r a b b it  s e ra  show re a c t io n s  which a re  b ro a d ly  s im ila r  to  th o se  
o f f e r r e t  s e r a .
Technique o f th e  t e s t : The a g g lu t in a t io n - in h ib i t io n  t e s t
c a r r ie d  o u t i n  our la b o ra to ry  i s  a p a t te r n  t e s t  in  p l a s t i c  
p l a t e s .  P la s t i c  p la te s  a re  p re fe r re d  to  t e s t  tu b es  because 
o f t h e i r  u n ifo rm ity  and ease o f h a n d lin g . S e r ia l  d i l u t io n s  
o f t r y p s in  t r e a te d  serum a re  p rep a red  in  s a lin e  in  bu lk  and 
th en  d i s t r i b u te d  in  0 .25  m l. am ounts. An equal volume o f  red  
c e l l  suspension  i s  then  added fo llow ed  by a  t h i r d  volume o f
v i r u s .  The c e l l s  a re  allow ed to  s e t t l e  and th e  r e s u l t s  
read  by th e  p a t te r n  o f sedim ented c e l l s .  Owing to  u n avo idab le  
v a r ia t io n s  i n  th e  te c h n ic a l  c o n d itio n s  o f th e  t e s t  a b s o lu te  
a g g lu t in a t io n  o r  a g g lu t in a t io n - in h ib i t io n  t i t r e s  may v a ry  
s l i g h t ly  from  day to  day. However r e l a t i v e  t i t r e s  o f two 
s e ra  o r two v iru s e s  a re  l a r g e ly  independen t of the f a c t o r s  
cau sin g  day to  day v a r ia t io n  and in  the r e s u l t s  re p o r te d  here  
on ly  t i t r e s  r e l a t i v e  to  th o s e  o f c o n tro ls  t e s t e d  a t  the  sameI
tim e a re  co n s id e re d .
The red  c e l l s  were used  as a  0 .5  pen cen t (v /v )  suspension  
of washed fow l c e l l s  in  s a l in e  c a l ib r a te d  in  a p h o to - e le c t r ic  
d e n s ito m e te r . The fow ls chosen f o r  b leed in g  were an im als 
whose c e l l s  were known to  be in s e n s i t iv e  to  a g g lu t in a t io n  by 
v a c c in ia  v iru s  (S tone , 1946) and o f un iform  s e n s i t i v i t y  to  
in h ib i to r s  o f in f lu e n z a  v i r u s  (A nderson, B urnet & S tone, 1946).
The v iru s e s  were d i lu te d  i n  s a l in e  to  a c o n c e n tra tio n  o f 8 
a g g lu t in a t in g  doses per 0 .25  m l.,  u s u a lly  t i t r a t e d  i n  advance 
o f th e  main t e s t .  The source o f v iru s  fo r  th e  t e s t s  was 
g e n e ra lly  a l la n to ic  f l u i d  from f e r t i l e  eggs in o c u la te d  w ith  
in f lu e n z a  v i ru s  v ia  th e  a l l a n to i c  ro u te  by c o n v e n tio n a l 
te ch n iq u es  (B everidge & B urnet, 1946).
L im it d i lu t io n  tech n iq u e
In  some experim ents i t  was d e s ira b le  to  t e s t  th e  homo­
g e n e ity  o f p re p a ra t io n s  of in f lu e n z a  v i r u s  o r to  s e p a ra te  th e  
components o f m ix tu res  o f two v iru s e s  o r to  use v iru s  p re p a ra t io n s
w hich had a h igh  p r o b a b i l i t y  o f be ing  pu re  in  th e  b a c te r io lo g ic a l  
se n se . These p ro c e sse s  can be e a s i ly  c a r r ie d  o u t w ith  b a c t e r ia  
bu t n o t w ith  v i ru s e s .  The tech n iq u e  used  was to  in o c u la te  eggs 
w ith  v i r u s  a t  l im i t  d i l u t io n ,  i . e .  a t  a d i l u t io n  a t  w hich the  
m a jo r ity  o f eggs in o c u la te d  a re  n o t in f e c te d .  Under th e se  
c o n d itio n s  th e r e  i s  a p r o b a b i l i ty  th a t  i n  some o f the  in fe c te d  
eggs in f e c t io n  may have been i n i t i a t e d  by a s in g le  in f e c t iv e  
dose so t h a t  a pure v i r u s  c u l tu r e  w i l l  r e s u l t .  The te ch n iq u e  
has in  a number o f  in s ta n c e s  been found to  be s u c c e s s fu l in  
s e p a ra t in g  the  components of a m ix tu re  ( I s a a c s  & Edney, 1950 
a ,  b ; I s a a c s ,  G le d h i l l  & Andrewes, 1952). N e v e rth e le ss , 
c a u tio n  i s  re q u ire d  i n  th e  use of t h i s  te ch n iq u e  (L iu  & H enle, 
1953) p a r t i c u la r ly  in  view  of th e  re c e n t d em o n stra tio n  (Donald 
& Is a a c s , 1954) t h a t  rough ly  10 in f lu e n z a  v iru s  p a r t i c l e s  
correspond  to  one in f e c t iv e  d ose .
Growth o f v i r u s  i n  eggs w ith  an tiserum
Experim ents were c a r r ie d  out to  t e s t  the  e f f e c t  of 
growing s t r a i n s  of in f lu e n z a  v i r u s  in  th e  p resence  o f 
homologous a n t i  serum. A u s e fu l  te ch n iq u e  was evolved fo r  
ad ap tin g  v i r u s  to  grow in  th e  presence o f la rg e  amounts o f 
a n t i  serum ( I s a a c s ,  G le d h il l  & Andrewes, 1952). A la rg e  
dose of v iru s  was mixed w ith  a n t i  serum a t  a d i l u t io n  which 
was j u s t  in s u f f i c i e n t  to  p rev en t growth o f v iru s  ( e .g .  one 
h a l f  th e  m inim al n e u t r a l i s in g  dose of serum ). This was 
in o c u la te d  a i l a n to i c a l ly  in to  eggs and a f t e r  a few h o u rs ,
13.
f u r th e r  an tise ru m  was added and f u r th e r  i n j e c t i o n s ,  o f up to  
50 n e u t r a l i s in g  doses o f serum ,w ere co n tin u ed  f o r  th e  n e x t 24 
h o u rs . The v i r u s  reco v e red  a f t e r  3 days was found to  be 
h ig h ly  r e s i s t a n t  to  th e  a c t io n  o f a n tis e ru m .
A ntibody a b so rp tio n
Friedew ald  (1944) and H ir s t  (1952) have s tu d ie d  s e ra  w hich 
th e y  had absorbed  w ith  in f lu e n z a  v i ru s  by a com plica ted  
tech n iq u e  in v o lv in g  h ig h -sp eed  c e n t r i f u g a t io n s  and u l t r a ­
f i l t r a t i o n .  R ece n tly , F is e t  and Donald (1953) in  t h i s  
la b o ra to ry  have developed a much more sim ple tech n iq u e  i n  
w hich v i ru s  f irm ly  bound to  ch ick  red  c e l l s  i s  used  fo r  
abso rb ing  th e  s e r a .  Dr. F i s e t  and I  have c a r r ie d  ou t a 
number o f t e s t s  w ith  s e ra  absorbed  by v iru s  w ith  t h i s  te c h n iq u e .
O ther te c h n iq u e s  a re  m entioned in  th e  t e x t .
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A n tig en ic  V a r ia t io n  in  In f lu e n z a  V iru ses
The a n t ig e n ic  v a r i a b i l i t y  o f in f lu e n z a  v iru s e s  and 
p a r t i c u l a r ly  of th e  in f lu e n z a  A v iru s e s  i s  a g re a t  d isad v an tag e  
in  p o p u la tio n s  exposed to  in f lu e n z a  and to  th o se  who a r e  anxious 
to  p rep a re  in f lu e n z a  v i ru s  v a c c in e s . I t  i s  o f a s s is ta n c e  in  
in v e s t ig a t in g  th e  spread  of in fluenza , v iru s e s  however, s in ce  
th e  d i s t i n c t i v e  a n tig e n ic  c h a ra c te r s  of in f lu e n z a  v i ru s e s  
i s o la te d  in  d i f f e r e n t  ep idem ics serv e  as  m arkers. W ith in  
a  few y e a rs  of th e  f i r s t  i s o l a t i o n  o f in f lu e n z a  v i ru s  (Sm ith, 
Andrewes & L aidlaw , 1933) a n tig e n ic  d if f e re n c e s  were d e te c te d  
in  s t r a in s  o f in f lu e n z a  v i ru s  reco v ered  from d i f f e r e n t  epidem ics 
(M ag ill & F ra n c is ,  1936; Andrewes, 1937; Crnith & Andrewes, 
1938), a lthough  th e  s t r a in s  s t i l l  showed a c o n s id e ra b le  a n tig e n ic  
o v e r la p . The i d e n t i f i c  t io n  of s t r a i n s  of in f lu e n z a  B (F ra n c is , 
1940; M a g ill, 1940) and o f th e  r e c e n t ly  d e sc rib e d  in f lu e n z a  C 
(T ay lo r, 1949; F ra n c is , Q u ill ig a n  &. M inuse, 1950) has drawn 
a t te n t io n  to  v iru s e s  which appear to  be p u rsu in g  independen t 
cou rses from th e  in f lu e n z a  A v i r u s e s ,  bo th  a n t ig e n ic a l ly  and 
ep idem io log ic  a l l y .  The in f lu e n z a  A v iru s e s  a re  a n t ig e n ic a l ly  
much more v a r ia b le  than  th e  o th e rs  and th e y  appear to  be much 
more im p o rtan t e p id e m io lo g ic a lly . There i s  a g re a t d e a l of
evidence to  supn o rt H i r s t ’ s (1943) c o n te n tio n  th a t  in f lu e n z a  A 
v iru s e s  recovered  from a s in g le  epidem ic and grown in  eggs ( in  
which th e y  te n d  to  rem ain a n t ig e n ic a l ly  s ta b le )  a re  a n t ig e n ic a l ly
f a i r l y  homogeneous and d i f f e r  from v i r u s  s t r a i n s  reco v ered  in  
su c c e ss iv e  ep idem ics (van der Veen & M ulder, 1950; H illem an, 
1952; M ag ill & J o tz ,  1952; I s a a c s ,  G le d h il l  & Andrewes, 1952). 
Thus th e  p ic tu r e  which emerges i s  t h a t  o f in f lu e n z a  A v iru s e s  
showing p ro g re s s iv e  a n t ig e n ic  m o d if ic a t io n  w ith  th e  s tead y  
emergence o f new s e ro lo g ic a l  p a t te r n s  to  r e p la c e  th e  o ld e r  
ones w hich a re  g ra d u a l ly  l e f t  b eh in d .
L abo ra to ry  C ontam ination  by In f lu e n z a  V iru ses
B efore t h i s  p ic tu r e  can be accep ted  i t  i s  n e c e ssa ry  to  
d ig re s s  from  th e  main theme in  o rd e r to  r e f e r  to  th e  o c c a s io n a l 
r e p o r ts  o f re c o v e r ie s  o f s t r a in s  of in f lu e n z a  v i r u s  w hich had 
been p re v a le n t 10-20 y e a rs  e a r l i e r .  Should th e se  re p o rte d  
i s o la t io n s  be genuine th e y  would make i t  n ecessa ry  to  m odify 
g r e a t ly  th e  p ic tu r e  which h a s  been d esc rib e d  in  th e  p reced in g  
parag rap h . A ccord ing ly , th e  re p o r te d  i s o la t io n s  must be 
examined very  c r i t i c a l l y  b e fo re  t h e i r  a u th e n t ic i ty  i s  acc ep ted . 
The s t r ik in g  c h a r a c t e r i s t i c  which seems to  be common to  th e se  
re p o r te d  i s o l a t i o n s  i s  th a t  th e  v iru s e s  recovered  show 
p ro p e r t ie s  a s s o c ia te d  w ith  w e ll-a d ap ted  la b o ra to ry  s t r a in s  
r a th e r  than  th o se  o f re c e n tly  i s o la te d  s t r a i n s .  In  a d d itio n  
th e  s t r a i n s  " i s o la t e d ” have always been found to  be id e n t ic a l  
w ith  a s to c k  s t r a i n  c a r r ie d  in  th a t  la b o ra to ry  and re c e n tly  
under in v e s t ig a t io n  and th e re fo re  th e  p o s s i b i l i t y  of la b o ra to ry  
con tam ina tion  re q u ire s  c o n s id e ra t io n .
While la b o ra to ry  con tam in a tio n  of b a c te r io lo g ic a l  p la te s
i s  accep ted  a s  a commonplace th e re  seems to  be a w idespread
r e s is ta n c e  among many v i r o l o g i s t s  to  th e  id e a  t h a t  la b o ra to ry
co n tam in a tio n  w ith  v i r u s e s  can o ccu r. Yet a drop, o f in f e c te d
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a l la n to ic  f l u i d  may c o n ta in  a s  many a s  10 in f e c t iv e  doses of 
in f lu e n z a  v i r u s  and in  many la b o ra to r ie s  i s o l a t i o n  o f in f lu e n z a  
v i ru s e s  i s  a ttem p ted  i n  th e  same room as s e ro lo g ic a l  t e s t s  w ith  
h ig h ly  in f e c t iv e  a l l a n to i c  f l u i d .  F u r th e r , th e r e  a re  a  number 
o f w e ll - a u th e n t ic a te d  c a s e s  where co n tam in a tio n  has been shown 
to  occur (Andrewes, G lover, Himmelweit & Sm ith, 1944). P ro fe s so r  
J .  M ulder h as  to ld  me t h a t  du ring  a tte m p ts  to  i s o l a t e  in f lu e n z a  
v i ru s e s  i n  h is  la b o ra to ry  s a l in e  ’’b la n k s” a re  in c lu d ed  as 
c o n tro ls  and t h a t  on two occasio n s  in f lu e n z a  v i ru s  was reco v e red  
from th e  " b la n k s” . We have reco v ered  Lee s t r a i n  of in f lu e n z a  B 
from a supposed ly  pure c u l tu r e  o f  in f lu e n z a  A, s t r a i n  PR8, by 
growing th e  s t r a i n  in  th e  p resen ce  o f PR8 an tise ru m . There 
was q u ite  a sm all p ro p o rtio n  of Lee v i r u s  p re se n t in  th e  c u l tu r e ,  
i n s u f f i c i e n t  to  be d e te c te d  by ro u tin e  a n t ig e n ic  t e s t s ,  and we 
were unab le  to  determ ine w hether th e  con tam in a tio n  had occu rred  
in  our la b o ra to ry  o r in  th e  New York la b o ra to ry  which had se n t 
us th e  s t r a i n .  I t  seems c l e a r  th e re fo re ,  t h a t  unlesr5 th e  most 
r i g i d  p re c a u tio n s  a re  ta k en  and perhaps even in  s p i te  o f  r ig id  
p re c a u tio n s ,  la b o ra to ry  con tam in a tio n  w ith  in f lu e n z a  v iru s e s  
can o ccu r. I t  i s  n e c e ssa ry  th e re fo re ,  to  co n s id e r  th e  f a c to r s  
which d is t in g u is h  a r e c e n t ly  i s o la te d  from a la b o ra to ry -a d a p te d  
s t r a i n  and which m ight he lp  to  dec ide  w hether an i s o la t io n  was
pro b ab ly  genuine o r  n o t .
Q-D V a r ia t io n : B urnet and B u ll (1943) d e sc rib e d  u n u su a l
p r o p e r t ie s  o f f r e s h ly  i s o la te d  in f lu e n z a  A v iru s  (0 , o r  o r ig i n a l  
phase) w hich d is t in g u is h e d  i t  from th e  same s t r a i n  a f t e r  f u r th e r  
c u l t iv a t io n  in  eggs (D, o r d e r iv e d  p h a se ) . 0 and D phases 
d i f f e r  in  a number o f r e s p e c ts  bu t are  most r e a d i ly  d i f f e r e n t i a t e d  
by t h e i r  b ehav iou r i n  a g g lu t in a t io n  t e s t s  w ith  fow l and mammalian 
(human o r ,g u in e a -p ig ) c e l l s .  0 phase v iru s  shows a low t i t r e  
o r  absence o f a g g lu t in a t io n  w ith  fow l c e l l s  b u t a h igh  t i t r e  
w ith  g u in e a -p ig  c e l l s  (low  F/q r a t i o )  w hereas D phase v iru s  
shows the  same a g g lu t in in  t i t r e  w ith  bo th  ty p e s  o f c e l l s  (F/G 
r a t i o  o f 1 ) .  The change of 0 to  D v iru s  i s  b e lie v e d  to  be a 
d isc o n tin u o u s  m u ta tio n  and B urnet and Stone (1945) have d e sc r ib e d  
in te rm e d ia te  s ta g e s  between th e  0 and D phases. M a g ill and Sugg
(1948) d isa g re e d  and suggested  t h a t  0 phase v iru s  could be 
changed to  D phase v i r u s  in  v i t r o  by a l t e r in g  th e  pH and io n ic  
c o n s t i tu t io n  o f the  medium and hence t h a t  th e  Q-D change was 
n o t a t r u e  m u ta tio n . However B urnet, S tone, Is a a c s  and Edney
(1949) showed th a t  th e  te ch n iq u es  used  by M ag ill and Sugg were 
s u c c e s s fu l o n ly  w ith  in te rm e d ia te  forms o f v i r u s  which s u p e r f ic i a l ly  
resem ble 0 phase v i r u s ,  b u t had no e f f e c t  on t r u e  0 phase v i r u s .
I t  i s  g e n e ra lly  accep ted  th a t  i f  v i r u s  i s  recovered  in  th e  0 
phase i t  r e p re s e n ts  a genuine i s o l a t i o n .
P a th o g e n ic ity  fo r  m ice : S tra in s  of in f lu e n z a  v iru s  which have
been i s o la te d  and m a in ta ined  in  eggs a re  non-pathogenic in  m ice,
i . e .  th e y  m u ltip ly  in  mice b u t do n o t produce s ig n i f i c a n t  
pulm onary c o n s o lid a tio n , o r  d e a th , u n t i l  th e y  have been adap ted  
by s e r i a l  growth i n  f f l ic e .(e .g .  H i r s t ,  1947). Thus 26 s t r a i n s  
o f v iru s  i s o la te d  in  eggs in  th e  1950-51 European in f lu e n z a  
epidem ic were te s t e d  and a l l  found to  be non-pathogen ic  ( I s a a c s ,  
G le d h i l l  & Andrewes, 1952). S tr a in s  i s o la te d  b efo re  I 94I  
when eggs came in to  use  have a l l  been passaged  in  mice and 
g e n e ra lly  k i l l  mice a f t e r  in t r a n a s a l  in o c u la t io n  i n  h igh  d i l u t io n .  
Hence a s t r a i n  o f v iru s  h ig h ly  pathogen ic  f o r  mice has presum ably 
been p re v io u s ly  passaged  in  mice in  th e  la b o ra to ry .
Chu i n h i b i t o r : Chu (1951) found th a t  an in h i b i to r  p re se n t i n
norm al mouse, g u in e a -p ig  and r a b b i t  se ra  was h ig h ly  a c t iv e  
a g a in s t  unadapted  bu t no t a g a in s t m ouse-adapted s t r a in s  o f 
in f lu e n z a  v i r u s .  This t e s t  can be used  to  confirm  the  r e s u l t s
o f th e  d i r e c t  p a th o g e n ic i ty  t e s t  in  m ice.
P resence of v iru s  f i la m e n ts : Chu, Dawson and E lfo rd  (1949)
drew a t te n t io n  to  the p resence  of numerous f ila m e n ts  in  a d d i t io n  
to  th e  u s u a l  round elem entary  b o d ie s  in  a l la n to ic  f lu i d  o f eggs 
in f e c te d  w ith  re c e n t ly  i s o la te d  s t r a i n s  o f  in f lu e n z a  v i r u s  A.
These f ila m e n ts  were ab sen t o r re p re se n te d  by scan ty  s h o r t  rods 
i n  o ld  la b o ra to ry  s t r a i n s .
We have had an  o p p o rtu n ity  o f exam ining most o f th e  s t r a in s  
thought to  re p re se n t " re c e n t i s o la t io n s "  o f  s t r a in s  such as 
WS and PR8, which were o r ig in a l ly  i s o la te d  n e a r ly  20 y e a rs  ago.
In  every  case th e  s t r a i n s  we re  in  th e  D ph ase , pathogen ic  fo r
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mice in  h igh  t i t r e ,  showed no v iru s  f ila m e n ts  and w ere s e ro ­
lo g i c a l l y  i d e n t i c a l  w ith  a s t r a i n  c a r r ie d  i n  th e  la b o ra to ry  a t  
th e  tim e th e  v iru s  was ’'iso la te d '*  ( I s a a c s  & Andrewes, 1951).
This l a s t  p o in t  was an i n t e r e s t i n g  one; th u s  s u b s t r a in s  of  
PR8 v i r u s  c a r r ie d  in  d i f f e r e n t  l a b o ra to r ie s  may show very  
s l ig h t  a n tig e n ic  d if f e re n c e s  from one ano ther end in  every  
case th e  su p p o sed ly  n e w ly - is o la te d  s t r a i n  of v i r u s  showed th e  
p e c u l ia r  c h a r a c te r i s t i c s  o f th e  s to ck  s t r a i n  c a r r ie d  in  t h a t  
la b o ra to ry .  There i s  no known example of a s t r a i n  of v iru s  
r e c e n t ly  i s o l a t e d  and s e ro lo g ic a l ly  s im ila r  to  WS o r PR8 f o r  
exam ple, bu t w hich i s  i n  th e  0 phase o r  non-pathogen ic  fo r  
mice o r  shows numerous f i la m e n ts  o r  was i s o la te d  and s tu d ie d  
a t  a tim e when a s to ck  v iru s  w ith  i d e n t i c a l  p ro p e r t ie s  m s  
n o t p re s e n t  i n  th e  la b o ra to ry .  One case which appeared  a t  
f i r s t  to  be an e x ce p tio n  to  t h i s  s ta tem en t was t h a t  of th e  
s t r a i h s  i s o la t e d  from an epidem ic o f  in f lu e n z a  among Eskimos 
in  N orthern  A laska . Van Rooyen, M cClelland and Campbell (1949) 
and N agler, van Rooyen and S tu rdy  (1949) re p o r te d  th a t  from 
cases  in  a sev ere  ou tb reak  o f in f lu e n z a  among Eskimos th ey  
had reco v e red  from th e  sp leen , h e a r t  blood and o th e r  u n u su a l 
s i t e s ,  a number of s t r a in s  of v iru s  c lo s e ly  r e la te d  s e r o lo g ic a l ly  
to  th e  PR8 v i r u s .  Furtherm ore th e  s t r a in s  were i s o la te d  i n ­
dependen tly  by two in v e s t ig a t in g  la b o ra to r ie s  which had no 
d i r e c t  c o n ta c t w ith  one a n o th e r . As t h i s  seemed to  be an 
im p o rtan t c a se , a d e ta i le d  in v e s t ig a t io n  was commenced and
Dr. N agler was in v i te d  to  the  World In f lu e n z a  C entre  to  a s s i s t .  
The f i r s t  p o in t w hich was e s ta b l is h e d  was t h a t  a lth o u g h  th e  
i s o la t io n s  were c a r r ie d  ou t i n  d i f f e r e n t  la b o r a to r ie s ,  th e  
g a rg lin g s  were f i r s t  tak en  to  one la b o ra to ry  and th e re  d iv id e d  
in to  a l iq u o ts ;  th e  o p p o rtu n ity  fo r  con tam ination  to  have 
occu rred  was th u s  e s ta b l is h e d .  The second p o in t was th a t  a l l  
s t r a i n s  showed the  c h a ra c te r s  of o ld  la b o ra to ry  s t r a i n s ,  i . e i  
th e y  were in  th e  D p h ase , h ig h ly  pathogen ic  f o r  mice (LD
50/
abou t 10"* ) and showed no f i la m e n ts  on e le c tro n  m icroscopy . 
T h ird ly , the  s t r a i n  o f PR8 " is o la te d "  was s l i g h t ly  d i f f e r e n t  
from our s ta n d a rd  PR8 s t r a i n  in  i t s  s e ro lo g ic a l  r e a c t io n s  
w ith  th e  h e te ro lo g o u s  WS an tise ru m  but was id e n t ic a l  w ith  th e  
s to ck  PR8 s t r a i n  c a r r ie d  in  the  Canadian la b o ra to r ie s  (see 
T able I I I )  F o u r th ly , i t  was s ta t e d  by Dr. N ag ler, and we 
confirm ed h is  o b se rv a tio n , th a t  one of th e  s t r a in s  which he 
had i s o la te d  was an A-prime v ir u s  s e ro lo g ic a l ly  s im ila r  to  
many of th e  s t r a i n s  reco v ered  from o th e r  p a r t s  o f Canada and 
elsew here a t  t h i s  tim e . The Eskimos them selves showed an 
an tib o d y  r i s e  to  an A-prime v i r u s  and to  PR8, but a g re a te r  
r i s e  to  the  form er -  a r e a c t io n  c h a r a c te r i s t i c  o f in f e c t io n  
w ith  A-prime v i r u s e s .  F in a l ly ,  one of the s t r a in s  which we 
a ttem p ted  to  recover ag a in  from e a r ly  passage m a te r ia l  was 
found to  be Lee ( in f lu e n z a  3) v iru s  in  Dr. N agler*s second 
amnio t i c  passage  m a te r ia l  and a m ixture o f PR8 and Lee v iru s e s  
a t  th e  t h i r d  am nio tic  p a ssa g e . The l a t t e r  was shown by growing
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th e  c u l tu r e  i n  th e  p resence  of Lee o r PR8 serum when th e  un­
n e u t r a l i s e d  v iru s  grew o u t.  Dr. N agler l a t e r  confirm ed th a t  
he had a l s o  reco v e red  Lee v iru s  from th e  c u l tu re s  and s in c e  
th e  p a t ie n t  in  q u e s tio n  had no s e ro lo g ic a l  response  to  in f lu e n z a  
B i t  seems d i f f i c u l t  to  escape the  co n c lu sio n  t h a t  bo th  th e  
PR8 and Lee v i r u s e s  were la b o ra to ry  co n tam inan ts .
A p r i o r i , th e re  i s  no reason  why s t r a in s  p re v a le n t 20 
y e a rs  ago should n o t re a p p e a r to d a y . However, our v iew  
( I s a a c s  & Andrewes, 1951) i s  th a t  no c l e a r  ev idence o f t h i s  
occu rrence  has y e t been produced . I t  i s  n o t e a sy  to  say 
w hether any s in g le  i s o l a t i o n  i s  genuine o r w hether la b o ra to ry  
co n tam in a tio n  has o ccu rred  b u t as more and more s t r a in s  a re  
t e s t e d  th e  d i r e c t io n  o f  th e  s e ro lo g ic a l  changes seems to  p o in t 
c o n t in u a l ly  fo rw ards and th e re  i s  no d e f in i te  ev idence y e t to  
su g g est t h a t  th e  v iru s  o c c a s io n a lly  looks back .
A ntigen ic  C h a ra c te rs  o f In f lu e n z a  A V iruses
The p ro p e r ty  which c h a r a c te r i s e s  the  in f lu e n z a  A v iru s e s  
i s  t h a t  th ey  a l l  produce th e  same " so lu b le  a n tig e n " , a p roduct 
o f v i r u s  growth which can be sep a ra ted  from  th e  v iru s  by h ig h ­
speed c e n t r i f u g a t io n  (Hoyle & F a d rb ro th e r , 1937) and which i s  
d e te c te d  by co m plem en t-fixa tion  t e s t s .  At f i r s t  s ig h t th e  
in f lu e n z a  A v ir u s e s  them selves p re se n t a b ew ild e rin g  a n t ig e n ic  
com plex ity . This i s  p a r t l y  due to  th e  f a c t  th a t  many o f th e  
e a r l i e r  s t r a i n s  were passaged  re p e a te d ly  in  an im als , a procedure 
which te n d s  to  induce a n tig e n ic  a l t e r a t io n s  ( e .g .  H ir s t ,  1947)
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and p a r t l y  to  th e  te c h n iq u e s  of .an tigen ic  a n a ly s is  f o r  th e  
s tudy  o f in f lu e n z a  v i ru s e s ,  which a re  l e s s  p re c is e  th an  th e  
co rresp o n d in g  te c h n iq u e s  f o r  b a c te r ia .
F riedew ald  (1944) s tu d ie d  a number o f s t r a in s  w ith  v i r u s -  
absorbed  s e ra  and he concluded th a t  d i f f e r e n t  in f lu e n z a  A v iru s e s  
c o n ta in e d  d i s t i n c t  a n tig e n ic  com ponents. In  a more e x te n s iv e  
s tu d y  o f the same ty p e  H ir s t  (1952) concluded th a t  th e  in f lu e n z a  
v i r u s e s  had g ro u p -s p e c if ic  and ty p e - s p e c if ic  -antigens and t h a t  
q u a n t i ta t iv e  v a r ia t io n s  in  th e  p ro p o rtio n s  o f th e se  a n tig e n s  
would e x p la in  th e  observed a n t ig e n ic  v a r i a b i l i t y .  I t  i s  n o t 
y e t  c l e a r  w hether th e re  i s  o n ly  a s in g le  g ro u p -s p e c if ic  a n tig e n  
f o r  a l l  th e  in f lu e n z a  A v i r u s e s ,  o r what r e la t io n s h ip  th e  
group a n tig e n  b e a rs  to  th e  nso lu b le  a n tig e n ” . 3o f a r  H ir s t  
h as i d e n t i f i e d  some s ix  o r seven ty p e -s p e c if ic  a n tig e n s  and 
r e c e n t ly  Jen sen  and F ra n c is  (1953) have d esc rib e d  e ig h te e n  
in f lu e h z a  A a n t ig e n s .
Our s tu d ie s  a t  th e  World In f lu e n z a  C entre  have been 
concerned  w ith  th e  a n tig e n ic  c h a ra c te r s  of th e s e  v i ru s e s  in  
so f a r  as th e y  r e f l e c t  th e  ep idem iology o f in f lu e n z a . We 
have th e re fo re  been concerned w ith  s tu d y in g  th e  a n tig e n ic  
c h a ra c te r s  o f  in f lu e n z a  v iru s e s  p r im a r ily  as a means o f 
fo llo w in g  th e  sp read  o f in f lu e n z a . Thus, much of our work 
c o n s is ts  in  comparing s t r a in s  i s o la te d  in  an epidem ic w ith  
one an o th e r and w ith  p re v io u s ly  i s o la te d  s t r a in s  u s in g  un­
absorbed s e ra .
The tendency  in  th e  p a s t  has been to  d e sc r ib e  th re e  m ajor 
sub types o f in f lu e n z a  A v iru s ,  ex c lu d in g  th e  swine in f lu e n z a  
v i r u s e s  (World H ealth  O rg an isa tio n  E xpert Committee on In f lu e n z a , 
1953). These su b ty p es , th e  WS, PR8 and th e  s o - c a l le d  A-prime 
sub type a re  c l e a r ly  d is t in g u is h a b le  and Table IV shows th e  
r e la t io n s h ip s  found in  our t e s t s .
The a n t ig e n ic  change which occurred  in  th e  in f lu e n z a  A 
v i r u s e s  in  1946 appeared  to  be very  much g re a te r  th a n  th o se  
o f e a r l i e r  y e a rs  and th e  new v iru s e s  were c a l le d  A -prim es.
However, s in c e  194b a n tig e n ic  changes have con tinued  and Dr, 
M a g ill , i n  a l e t t e r  to  Dr. Andrewes, has suggested  th a t  i t  i s  
in a p p ro p r ia te  to  t a l k  o f m ajor sub types such as  A-prime when 
th e re  i s  c o n s id e ra b le  v a r i a b i l i t y  w ith in  the sub type . His 
view  seems reaso n ab le  and th e re  i s  much to  be s a id  f o r  grouping  
s im i la r  s t r a in s  from  one epidem ic and f o r  co n s id e rin g  one group 
as  d i s t i n c t  from a second epidemic group w hether th e re  i s  a 
b ig  o r  a  sm all a n tig e n ic  d if f e re n c e  between th e  two groups.
Some ev idence w i l l  be p re sen te d  to  show t h a t  t h i s  type  o f 
c l a s s i f i c a t i o n  o f  s t r a in s  has ep id e m io lo g ic a l s ig n if ic a n c e .  
I n v e s t ig a t io n s  of M ajor In f lu e n z a  A Epidemics
The f i r s t  i n t e r n a t io n a l  in v e s t ig a t io n  o f a m ajor in f lu e n z a  
epidem ic was c a r r ie d  o u t fo llo w in g  th e  1948-49 in f lu e n z a  
ou tb reak  (Chu, Andrewes £: G le d h il l ,  1950). A lto g e th e r 20 
in fluenza . A v iru s  s t r a in s  were s tu d ie d  and found to  be 
s e ro lo g ic a l ly  homogeneous and to  be r e la te d  to ,  bu t d is t in g u is h a b i
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from  e a r l i e r  (1947) s t r a i n s .  Chu, Andrewes and G le d h i l l  
concluded t h a t  th e  1949 European epidem ic had a s in g le  fo cu s  
o f  o r ig in ,  p ro b ab ly  i n  S a rd in ia ,  and t h a t  th e  v iru s  spread  
from  th e re  to  th e  m ainland of I t a l y  to  in v o lv e  most o f 
W estern Europe. They suggested , however, t h a t  a more complex 
s i t u a t io n  m ight be found in  l a t e r  ep idem ics. N e v e rth e le s s , 
t h i s  in v e s t ig a t io n  seemed to  answer one q u e s tio n ; i t  
appeared  t h a t  t r u e  count ry - to -c o u n try  sp read  of v i r u s  d id  
occu r d u rin g  a m ajo r ep idem ic .
A fte r  t h i s  epidem ic no in f lu e n z a  A was d e te c te d  u n t i l  
June 1950 when Dr. Svedmyr re p o r te d  a sm all o u tb reak  in  
Stockholm from which he recovered  fo u r s t r a i n s .  These 
s t r a i n s  were examined in  th e  'World In f lu e n z a  C entre  and 
found to  be s e ro lo g ic a l ly  homogeneous b u t re c o g n isa b ly  
d i f f e r e n t  from  e a r l i e r  s t r a i n s .  Since in f lu e n z a  A epidem ics 
in  Europe te n d  to  occur every  second y e a r  ( e .g .  1947 > 1949> 
1951, 1953)> i t  seemed p o ss ib le  th a t  t h i s  o u tb rea k  m ight 
h e ra ld  a m ajor epidem ic in  Eiirope in  th e  fo llo w in g  .w in te r  
caused by t h i s  s e ro lo g ic a l ly  "new” s t r a i n  o f v i r u s .  We 
th e re fo re  w rote to  Dr. Svedmyr su g g es tin g  th i s  p o s s i b i l i t y  
and asked him to  see i f  in f lu e n z a  could  be d e te c te d  by v i r u s  
i s o la t io n s  o r  s e ro lo g ic a l  t e s t s  i n  th e  rem ainder of th e  
summer and autumn. Dr. Svedmyr c a r r ie d  ou t numerous se ro ­
lo g i c a l  t e s t s  and a ttem p ts  a t  v iru s  i s o la t io n  but a l l  were 
n e g a t iv e . In  November 1950, a sudden o u tb reak  o f ih f lu e n z a
was re p o r te d  from Denmark and s h o r t ly  a f te rw a rd s  from Sweden. 
The v i r u s  s t r a in s  reco v e red  we re  c lo s e ly  r e l a t e d  to  th o se  
found 5-6 months e a r l i e r  in  Stockholm ( I s a a c s  & Andrewes, 
1951). In  a d d i t io n ,  Dr. von Magnus re p o r te d  (p e rso n a l 
com m unication) t h a t  th e  Danish ou tb reak  appeared  to  s t a r t  
alm ost s im u ltan e o u sly  in  numerous f o c i  in  sm all i s la n d s  n o t 
in  d i r e c t  communication w ith  one a n o th e r . Our co n c lu sio n  
was t h a t  t h i s  re p re se n te d  what Dr. Andrewes has r e f e r r e d  to  
as  "underground" spread  o f v i r u s ,  in  which th e  spread  o f 
v iru s  i s  conceived  o f as p reced in g  th e  o u tb re a k . I t  i s  
assumed t h a t  th e  epidem ic then  broke ou t a t  a number o f 
p o in ts  s im u ltan e o u sly  when some f a c to r ,  p o s s ib ly  c l im a t ic ,  
had come in t o  o p e ra t io n . This mechanism i s  s im i la r  to  t h a t  
p o s tu la te d  by Shope (1943) fo r  epidem ics of swine in f lu e n z a .  
M u lti fo c a l  o r ig in s  o f in f lu e n z a  epidem ics are  no t in v a r ia b le  
bu t th e y  occur q u ite  f r e q u e n t ly .  One m ight conceive, 
a l t e r n a t iv e ly ,  th a t  the  v iru s  could produce numerous sub - 
c l i n i c a l  in f e c t io n s  du ring  a p re-ep idem ic p e r io d  and th u s  
became w id e ly  seeded, but th e re  i s  no d i r e c t  evidence f o r  
t h i s  so f a r .
T his p a r t i c u l a r  v i r u s ,  which was c a l le d  Scandinavian 
su b type , sp read  to  a number of European c o u n tr ie s ,  F in lan d , 
I c e la n d , H olland , Belgium, Germany and I t a l y ,  and some 
s t r a in s  were reco v ered  in  England and I re la n d .  A lto g e th e r , 
46 S candinav ian  s t r a in s  were s tu d ie d  and everywhere t h i s  
v i ru s  seemed to  cause w idespread b u t m ild  in f lu e n z a  w ith
26;
few f a t a l i t i e s .  Towards th e  end of 1950, however, a severe  
o u tb reak  o ccu rred  in  th e  L iv e rp o o l a re a  w ith  a la rg e  number 
o f d ea th s  and t h i s  was found to  be d u e ,to  a second a p p a re n tly  
new group o f  in f lu e n z a  A v ir u s e s ,  which was c a l le d  th e  L iv e rp o o l 
sub ty p e . L iv e rp o o l v iru s e s  w ere then  recovered  from a number 
o f c o u n tr ie s  around th e  M ed ite rranean  -  S pain , F rance, I t a l y ,  
G reece, Turkey and I s r a e l  and th e y  a lso  seem to  have spread  
a c ro s s  the  A t la n t ic  to  the  U .S.A. and Canada. The L iv erp o o l 
s t r a i n s  ware compared w ith  p re v io u s ly  recovered  v iru s e s  and 
were th e n  found to  be a n t i  genic a l ly  i d e n t i c a l  w ith  a number 
o f s t r a in s  o f v i r u s  causing  in f lu e n z a  in  th e  so u thern  hemi­
sphere  in  t h e i r  1950 w in te r ,  i . e .  6 months befo re  th e  European 
ep idem ic . One s t r a i n  from A u s tra lia  and 6 from South A fr ic a , 
as  w e ll as 6 from In d ia ,  were of L iv erp o o l subtype and i t  
seems l i k e l y  t h a t  th i s  r e p re s e n ts  th e  source o f the v i r u s  
cau s in g  th e  epidem ic in  the n o rth e rn  hem isphere. The L iv erp o o l 
v i r u s e s  were s e ro lo g ic a l ly  homogeneous (see  Table V) but 
th e  S candinav ian  v i r u s e s  showed m inor a n tig e n ic  v a r ia t io n s  
w ith in  th e  group, some of which a re  co n sidered  in  a l a t e r  
s e c t io n  under P-Q, v a r ia t io n .  I t  seems th e re fo r e ,  th a t  th e  
1950-51 epidem ic in  Europe had two so u rces, one from a c t iv a t io n  
o f l a t e n t  v i r u s  i n  S cand inav ia  and th e  o th e r  by spread  from 
th e  so u th e rn  hem isphere. The evidence from t h i s  epidem ic 
ag a in  favoured  t ru e  c o u n try - to -c o u n try  spread o f in f lu e n z a  
v iru s  A. Thus, 47 s t r a in s  of L iverpoo l subtype were recovered
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from  t h i s  epidem ic and sin ce  t h i s  p a r t i c u la r  s e ro lo g ic a l  
v a r ie ty  of v i ru s  was n o t k n o w  b e fo re  1950, i . e .  6 months 
b e fo re ,  i t  seems rea so n ab le  to  conclude t h a t  th e  Liverpoo‘1 
subtype r e s u l te d  from a n tig e n ic  v a r ia t io n  on a s in g le  o ccasio n  
fo llow ed  by r a p id  sp read  o f th e  new v a r ia n t .
A fte r  th e  1950-51 epidemic o f  in f lu e n z a  A th e re  was an 
i n t e r v a l  o f n e a r ly  two y e a rs  b efo re  th e  d is e a se  ag a in  f l a r e d  
up , t h i s  tim e w ith o u t any summer ou tb reak  to  h e ra ld  i t s  
a r r i v a l .  Towards th e  end o f 1952 la rg e  epidem ics were 
re p o r te d  to  have broken o u t a t  about th e  same tim e in  Japan , 
th e  U .S .A ., and i n  some c o u n tr ie s  of W estern Europe -  Sweden, 
H olland and P o rtu g a l -  and i n  e a r ly  1953 th e  epidem ic reached 
F ran ce , Germany and t h i s  co u n try . W ithin th e  n ex t few weeks 
one co u n try  a f t e r  an o th e r was a f f e c te d  u n t i l  p r a c t i c a l l y  a l l  
o f th e  n o r th e rn  hem isphere (exclud ing  th e  U .S .3 .R . and i t s  
n e ig h b o u rs , about which th e re  i s  no a c c u ra te  in fo rm a tio n ) 
became in v o lv e d . In  B r i ta in  the  sou thern  p a r t  o f  England 
was most a f f e c te d  and th e  m idlands and S co tland  tended  to  
be spared , th e  re v e rs e  of the experience  d u ring  the 1950-51 
ep idem ic . The in c id e n c e  o f cases  was q u i te  h ig h  g e n e ra lly ,  
b u t th e  epidem ic was everywhere m ild , d ea th s  o ccu rrin g  
p redom inan tly  i n  those over 65 y e a rs  o f a g e .
P re lim in a ry  s e ro lo g ic a l  s tu d ie s  im p lic a te d  in f lu e n z a  A 
v iru s e s  vdiich were s im ila r  to  1950-51 Scandinavian v iru s e s ,  
bu t on f u r th e r  s tudy  a more complex s i tu a t io n  was re v e a le d .
rPwo groups o f ' s t r a i n s  were i d e n t i f i e d ,  one s im ila r  to  b u t n o t 
i d e n t i c a l  w ith  S candinav ian  1950-51 s t r a i n s ,  th e  second 
id e n t i c a l  w ith  1950-51 L iv e rp o o l s t r a i n s .  The a n tig e n ic  
d i f f e r e n c e s  between th e s e  two groups a re  co n sid ered  i n  some 
d e t a i l  l a t e r  ( s e e  Table X I I I ) and th e  d i s t r i b u t io n  o f th e  
two g roups i s  shown in  T-.ble V I. Perhaps th e  most s t r ik in g  
f in d in g  in  t h i s  Table i s  th e  d i s t r i b u t io n  o f the  two groups 
o f  v i r u s e s  in  p a r t i c u la r  c o u n tr ie s  such as P o rtu g a l and I t a l y .  
From th r e e  Portuguese la b o ra to r ie s  19 s t r a in s  o f L iv erp o o l 
v i r u s  -were reco v ered  w hile  from s ix  I t a l i a n  la b o ra to r ie s  
17 s t r a in s  o f S candinavian  (1953) v i r u s  were o b ta in e d .
From th e  Unibed Kingdom, on ly  2 L iverpoo l ou t o f 86 v i r u s  
s t r a i n s  were found and o f th e se  one i s  su sp ec t s in c e  i t  
came from  a c o lle a g u e  who had been sp ray ing  A /E ng lan d /l/5 1  
(L iv e rp o o l) v i r u s  in  th e  la b o ra to ry  2 days b e fo re , as p a r t  
o f an experim ent on coun ting  in f lu e n z a  v iru s  p a r t i c l e s .  
D is tr ib u t io n s  o f t h i s  type su g g es t s tro n g ly  t h a t  a s in g le  
s e ro lo g ic a l  group o r subtype of in f lu e n z a  A v iru s  i s  sp read ing  
w ith in  a c o u n try . l e t  th e  r e s u l t s  a lso  su g g est c o u n try - to -  
co u n try  sp read  s in ce  Scand inav ian  (1953) v i r u s  s t r a in s  
reco v e red  from Japan , th e  U .S .A ., th i s  coun try  and elsew here 
w ere a lso  v e ry  s im ila r  to  one a n o th e r . Table V II shows 
th e  s im i la r i ty  between re p re s e n ta tiv e  1953 American and 
E n g lish  s t r a i n s  and th e  r e la t io n s h ip  w ith  Scandinavian and 
L iv e rp o o l 1950-51 s t r a i n s .
TABLE VI
D istr ib u tion  of 1952-53 Influenza virus A stra in s
Country S ero log ica l Variety
Scandinavian Liverpool
England 84 2
Scotland 7 0
Eire 1 0
U.S.A. 16 0
Canada 1 0
Japan 2 0
Germany 7 0
Holland 7 0
Belgium 1 0
Denmark 3 0
Finland 19 4
Iceland 2 0
Yugoslavia 2 0
Portugal 0 19
I ta ly 17 0
France 4 5
Switzerland 0 2
Sweden 1 0
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The 1953 S cand inav ian  s t r a in s  were s l i g h t ly  d i f f e r e n t  
from  th e  1950-51 S candinav ian  s t r a in s  and may have evolved 
from  them . The r e la t io n s h ip  betw een the  two i s  i l l u s t r a t e d  
i n  T able V I I I .  Table V III  shows th a t  th e  two s t r a in s  a re  
c lo s e ly  r e la te d  when te s te d  w ith  A/Sweden/3/50  serum but 
n o t w ith  A /b n g la n d /l/5 3  serum. The A/Sweden/3/50 serum 
a c tu a l ly  g iv e s  a h ig h e r t i t r e  w ith  th e  h e te ro lo g o u s  th a n  
th e  homologous v i r u s . This n o n -re c ip ro c a l type o f r e l a t i o n ­
s h ip , w hich i s  q u ite  commonly met w ith  in  th e  se ro lo g y  o f  
in f lu e n z a  A v i r u s e s ,  w i l l  be d isc u sse d  f u r th e r  in  th e  n e x t 
s e c t io n .  1953 L iv erp o o l v iru s e s  were found to  be i d e n t i c a l  
w ith  th o se  recovered  2 y e a rs  e a r l i e r ;  a com parison o f a 
1951 w ith  a 1953 L iv erp o o l s t r a i n  i s  i l l u s t r a t e d  in  Table 
IX.
H ir s t  (1943) had suggested  th a t s t r a in s  recovered  from 
a s in g le  epidem ic a re  homogeneous but d i f f e r  from s t r a in s  
o b ta in ed  in  d i f f e r e n t  epidem ics. This s ta tem en t re q u ire s  
s l ig h t  m o d if ic a t io n  in  view  of the  above r e s u l t s ,  ;since i t  
appears  t h a t  more th a n  one s e ro lo g ic a l  group o f v iru s e s  may 
be re s p o n s ib le  f o r  an epidem ic, and th a t  one s e ro lo g ic a l 
subtype may p e r s i s t  w ith o u t a n tig e n ic  a l t e r a t io n  f o r  a 
p e r io d  o f a t l e a s t  2g y e a rs .  Any ex p lan a tio n s  o f how 
epidem ics o f in f lu e n z a  A a r i s e  must tak e  in to  account th ese  
f a c t s :
(a )  On two o cca s io n s , i . e .  in  th e  1950~51 and 1952—53
TABLE VIII
Cross haem aggloitination-inhibitian t e s t s  between 
A/Swe/3/50 and A/Eng/1/53 v iruses
VIRUS SERUM
A/Swe/3/50 A/Eng/1/53
A/Swe/3/50
A/Eng/1/53
100 20 
240 320
TABLE IX
Cross haem agglutination-inhibition te s ts  between 
A /Eng/l/51 and A/Lisbon/9/53 v iru ses
VIRUS SERUM
A/Eng/1/51 A/Lisbon/9/53
A/Eng/1/51
A/Lisbon/9/53
1920 2560
1280 2560
w in te rs ,  ep idem ics caused by two re c o g n isa b ly  d i f f e r e n t  
v i r u s e s  s t a r t e d  a t  about th e  same tim e .
(b) I t  i s  p o s s ib le  fo r  a s t r a i n  of in f lu e n z a  A v iru s  
to  survive a 2-y e a r  in te r -e p id e m ic  in t e r v a l  w hile  undergoing 
e i th e r  a s l ig h t  a n tig e n ic  a l te r n a t io n  o r no obvious change.
The in fe re n c e  i s  t h a t  w hether o r n o t s t r a in s  underw ent 
a s lig h t a n tig e n ic  a l t e r a t i o n  between epidem ics th e  same 
f a c to r s  favou red  t h e i r  p roducing  an epidemic a t  about th e  
same tim e .
The In f lu e n z a  B V iru ses
I t  has been s ta te d  t h a t  in f lu e n z a  B ou tb reak s  tend  
to  occur every  4-5 y e a rs  in  c o n t r a s t  w ith  A o u tb reak s  which 
occur every  2-3 y e a r s .  Our experience  a t  the  World In f lu e n z a  
C en tre  has been d i f f e r e n t ,  however. I t  was in t e r e s t i n g  to  
n o te  t h a t  in  th e  m iddle o f th e  1948”49; 1950-51 and 1952-53 
in f lu e n z a  A epidem ics a number of s c a t te r e d  ou tb reaks due 
to  in f lu e n z a  B o ccu rred  and a number o f s t r a in s  of in f lu e n z a  
B w ere se n t to  us from \AjideIy sep a ra ted  p la c e s . In  th e  
in te rm e d ia te  y e a rs  when in f lu e n z a  A ou tb reaks  d id  n o t occu r, 
th e re  w ere ag a in  sm all s c a t te r e d  ou tbreaks o f  in f lu e n z a  B 
sometimes s t a r t in g  a t  about the same tim e in  p la c e s  n o t in  
d i r e c t  communication w ith  one a n o th e r . O ccas io n a lly  the  
o u tb reak s  w ere q u ite  s e v e re , e .g .  th e  Glasgow.epidemic o f 
1952 (A nderson, G r is t ,  Landsman, Laidlaw  & Weir, 1953) hu t 
m ost of th e  o u tb reak s were m ild  and invo lved  sm all numbers
of peop le  r e l a t i v e  to  an in f lu e n z a  A ep idem ic.
P re lim in a ry  t e s t s  w ith  s t r a in s  reco v e red  between 1950- 
52 sug g ested  th a t  th e  v iru s e s  were r a th e r  homogeneous and 
c lo s e ly  r e l a t e d  s e r o lo g ic a l ly  to  th e  Crawley (England, 1946) 
s t r a i n .  T his im p ressio n  was confirm ed in  c a r e fu l  s tu d ie s  
from  t h i s  la b o ra to ry  by Bozzo (1952) and Hennessen (1952) 
and in d e p e n d e n tly  by Brans (1952) in  H olland . These w orkers 
have a l l  found t h a t  s t r a in s  o f in f lu e n z a  B recovered  and 
m a in ta in ed  in  eggs du ring  th e  p e rio d  1943-52 showed r a th e r  
uniform  a n t ig e n ic  c h a ra c te r s .  S tra in s  recovered  between 
1940 and 1943 d i f f  e red  from one ano ther and from l a t e r  
s t r a i n s ;  bu t s in ce  th e  e a r l i e r  s t r a in s  were reco v ered  in  
f e r r e t s  and u s u a l ly  m a in ta in ed  by passage in  mice and eggs 
th e  observed  d if f e re n c e s  may have been due to  the  te ch n iq u es  
u se d . These co n c lu sio n s  d i f f e r  s l i g h t ly  from th o se  of 
e a r l i e r  w orkers (Tamm, K ilbourne & H o rs fa l l ,  1950; H illem an, 
Mason & B uescher, 1950) but ag a in  d if fe re n c e s  in  techn ique 
may a c c o u n t f o r  the  d is c re p a n c ie s .  In  p a r t i c u la r ,  Bozzo 
and Hennessen p a id  g re a t  a t t e n t io n  to  th e  use o f f e r r e t  se ra  
p rep a red  in  a co n s tan t manner, fow l c e l l s  o f  uniform  s e n s i t i v i t y  
(S tu a r t -H a r r i s ,  1943) and th e  e lim in a tio n  o f norm al serum 
in h i b i to r s  o f a g g lu t in a t io n  ( I s a a c s  & Bozzo, 1951)* I t  
would ap p ea r th e re fo re ,  t h a t  th e  in f lu e n z a  B v iru s e s  c o n tra s t  
w ith  th e  A v i r u s e s  bo th  in  th e  e x te n t of a n tig e n ic  v a r i a o i l i t y  
and in  th e  ep id e m io lo g ic a l p au te rn  of the co rresponding  d iseases;
32.
in  C hapter V an a tte m p t w i l l  be made to  r e l a t e  th e se  f in d in g s .  
The In f lu e n z a  C V iru ses
T ay lo r (1949) d e sc r ib e d  a s t r a in  o f v iru s  w hich bore 
some resem blances to  th e  in f lu e n z a  v iru s e s  and was recovered  
from  a man showing a m ild f e b r i l e  d is o rd e r ,  and F ra n c is , 
Q u ill ig a n  and Minuse (1950) l a t e r  recovered  a second, i d e n t i c a l  
s t r a i n  from  an o u tb reak  o f in f lu e n z a . These w orkers proposed 
th e  name in f lu e n z a  C fo r  t h i s  v i r u s .  The v iru s  has been 
s tu d ie d  in  th e  la b o ra to ry  (H ir s t ,  1950) and a few epidem iological- 
o b se rv a tio n  s have a ls o  been c a r r ie d  out ( e .g .  T ay lo r, 1951; 
D avenport, Hermessy & F ra n c is , 1953) hu t i t  i s  a t p re s e n t  
d i f f i c u l t  to  a s s e s s  i t s  ex ac t im portance. In flu e n z a  C v iru s e s  
do n o t app ea r to  cause w idespread  o v e rt in f e c t io n  -and th e re  
have so f a r  been no r e p o r ts  in c r im in a tin g  them as th e  c ause 
o f s e r io u s  in f e c t io n s  in  in d iv id u a ls .  vie have no t y e t 
re c e iv e d  any s t r a i n s  o f in f lu e n z a  C except fo r  th o se  of 
T ay lo r and F ra n c is  and M inuse, and th e re  has been no re p o rte d  
occurrence o f in f lu e n z a  C in f e c t io n  in  t h i s  co u n try . A n ti­
body s tu d ie s  o f  human s e ra  suggest th a t  th e  v iru s  may cause 
w idesp read  s u b c l in ic a l  in f e c t io n ,  however (D avenport,
Hennessy & F ra n c is ,  1953)*
IV . P-q  VARIATION IN INFLUENZA VIRUSES
D e sc r ip tio n  and N a tu ra l O ccurrence o f  P and Q V iru ses
D uring s tudy  o f th e  1950-51 epidem ic o f in f lu e n z a  A 
i t  was observed  th a t  a n t i s e r a  p repared  a g a in s t some s t r a i n s  
in h ib i te d  a g g lu t in a t io n  by h e te ro lo g o u s  v iru s e s  to  c o n s id e ra b ly  
h ig h e r t i t r e  th a n  homologous v i ru s  ( I s a a c s ,  1951)- I t  was 
th o u g h t a t  f i r s t  th a t  t h i s  was an o r ig in a l  o b se rv a tio n , b u t 
i t  was l a t e r  found th a t  van der Veen and Mulder (1950) had 
d e sc r ib e d  t h i s  phenomenon in  some d e t a i l .  A s im ila r  
phenomenon w ith  R ic k e t t s ia  b u rn e ti  had been d esc rib ed  e a r l i e r  
(Topping, Sheperd & Huebner, 1946; S to k er, 1953)*
Van d er Veen and M ulder (1950) adopted the  l e t t e r s  
P, Q and R to  d e sc r ib e  th re e  types  of v iru s  a s  shown by 
t h e i r  r e a c t io n s  w ith  immune s e ra  and Table X, taken  from 
van d e r  Veen and M ulder1 s monograph, shows th e  c h a r a c te r i s t i c  
r e a c t io n s  o f . th e s e  v i r u s e s .  R s t r a in s  have been uncommon 
i n  ou r e x p e rie n c e ; P s t r a in s  a re  f re q u e n tly  encountered  
and show th e  type  o f s e ro lo g ic a l  behaviour thought to  be 
most c h a r a c t e r i s t i c  of in f lu e n z a  v iru s e s .  But Q s t r a in s  
have been found q u i te  f r e q u e n t ly ,  and the f a c t  th a t  the  fo u r 
in te r -e p id e m ic  s t r a in s  recovered  from Sweden in  June 1950 
from th e  o u tb rea k  which h e ra ld ed  the  epidemic in  t h e  fo llo w in g  
v jin te r  were a l l  Q s t r a in s  ( I s a a c s  1 Andrewes, 1951) focused 
a t t e n t io n  011 th e  p o s s ib le  s ig n if ic a n c e  of t h i s  phenomenon.
I t  should be s tre s s e d  th a t  the  p ro p e r t ie s  on wrhich th e s e
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c h a ra c te r s  depend appear to  be in h e r i ta b le  and the  s t r a in s  
m a in ta in  t h e i r  c h a ra c te r s  on con tinued  passage in  eggsi 
L abo ra to ry  In d u c tio n  o f P-Q V a r ia t io n
On t h e o r e t i c a l  grounds i t  m ight be suggested  th a t  a Q 
s t r a i n ,  w ith  a low a v id i ty  f o r  an tib o d y , would be b e t t e r  
adap ted  to  su rv iv e  in  a p a r t i a l l y  immune p o p u la tio n  th a n  a 
P s t r a i n .  The p o s s i b i l i t y  was co n sid ered  th a t  when a P s t r a i n  
came in  c o n ta c t w ith  s p e c if ic  an tibody  in  a p a r t i a l l y  immune 
in d iv id u a l  any Q v a r ia n ts  n a tu r a l ly  p re se n t in  the  s t r a in  
would have t h e i r  s u rv iv a l  fav o u red . Since 1948, th e  
p o s s i b i l i t y  o f p roducing  a n tig e n ic  v a r ia n ts  of in f lu e n z a  
v i r u s  by growing them in  homologous immune serum had been 
te s t e d  w ith  l im i te d  su ccess  ( I s a a c s ,  1948; Is a a c s  & Edney, 
1950b) and i t  seemed w orth  w h ile  to  extend th e se  experim ents 
to  t e s t  w hether P s t r a i n s  could be "changed" in to  Q s t r a in s  
i n  t h i s  way.
In  p re lim in a ry  experim ents v iru s  was grown in  eggs f o r  
a number o f  passag es  in  the  p resence  o f  g ra d u a lly  in c re a s in g  
amounts o f  immune serum b u t l a t e r  th e  method was m odified  
(see  T echn iques, p* 12) so th a t  th e  c o n c e n tra tio n  o f a n t i -  
serum was g ra d u a l ly  in c re a se d  during  the  course o f a s in g le  
p assag e . In  experim ents of t h i s  type i t  was p o ss ib le  to  
induce th e  p ro d u c tio n  of Q v a r ia n ts  from P s t r a in s  ( Isa a c s  
& Andrewes, 1951; I s a a c s ,  G le d h ill  & Andrewes, 1952) and 
re c e n t ex p erim en ts  by D rs. F is e t  and Depoux w ith  1953
in f lu e n z a  s t r a i n s  confirm  th e se  f in d in g s .
D uring o b se rv a tio n s  on 1950-51 Scandinavian  v iru s e s  i t  
was n o tic e d  th a t  some s t r a i n s  recovered  e a r l y  in  th e  epidem ic 
and th e  in te r -e p id e m ic  S candinav ian  s t r a in s  w ere Q, w hereas 
many o f th o se  i s o la te d  l a t e r  appeared to  be s e ro lo g ic a l ly  
s im i la r  b u t showed a h ig h e r  a v id i ty  fo r  an tibody . The 
p o s s i b i l i t y  was co n sid e red  th a t  on passage th rough  s u sc e p tib le  
in d iv id u a ls  change o f  Q to  P v iru s  might be favoured . An 
a ttem p t was made to  mimic t h i s  change in  th e  la b o ra to ry  by 
p assag in g  C) s t r a i n s  of v i r u s  in  m ice, and i t  was found on a 
number o f o cca s io n s  th a t  a f t e r  one o r two passages in  mice 
fo llow ed  by r e - in o c u la t io n  in to  eggs change to  a P type o f  
s t r a i n  to o k  p la c e  ( I s a a c s  & Andrewes, 1951)* Table H  shows 
a com parison of th e  behav iour o f a la b o ra to ry -in d u ce d  P 
v a r ia n t  o f  a Scand inav ian  Q s t r a i n  w ith  th e  n a tu ra l ly -o c c u r r in g  
S cand inav ian  P s t r a i n ,  A /L ondon/l/51. The resem blance 
between th e  la b o ra t o ry -induced  and n a tu r a l  P s t r a in s  i s  
s t r i k i n g .
Evidence f o r  N a tu ra l O ccurrence o f P-Q V a r ia tio n
Follow ing  th e se  r e s u l t s ,  the  p ro v is io n a l h y p o th esis  was . 
adopted th a t  the  P to  Q change re p re se n te d  a b ip h a sic  v a r ia t io n  
which cou ld  be r e a d i ly  induced in  th e  la b o ra to ry . I t  i s  
n e c e ssa ry  to  examine next the  evidence which su ggests  th a t  
P—Q v a r ia t io n  i s  more th a n  a la b o ra to ry  m an ipu la tion  bu t i s  
o ccu rrin g  a ls o  under n a tu r a l  c o n d itio n s . Three p ie ces  o f
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ev idence fa v o u r  t h i s  id e a .  The f i r s t ,  r e f e r r e d  to  above, 
i s  th e  f a c t  t h a t  i n  1950 th e  appearance o f Q v iru s e s  was soon 
fo llow ed  by th a t  of P v i ru s e s  of th e  sane s e ro lo g ic a l  type 
( c f .  T ab le  X I) . The second i s  th e  f a c t  t h a t  in f lu e n z a  v iru s  
s t r a in s  may show ev idence o f h e te ro g e n e ity  in  re sp ec t o f t h e i r  
P and Q c h a r a c te r s .  I t  has been found ( Is a a c s  & Edney, 1950a) . 
t h a t  on grow th o f  in f lu e n z a  v iru s  a t  l im i t in g  in f e c t iv e  d i lu t io n ,  
i . e .  under c o n d itio n s  where on ly  the m in o rity  o f eggs a re  
in f e c te d ,  i t  i s  sometimes p o s s ib le  to  sep a ra te  th e  components 
o f a m ix tu re . A number o f our d tra ins have been te s te d  by 
grow th a t  l im i t in g  d i l u t io n  and in  f iv e  cases  i t  was found 
t h a t  b o th  P and Q, s t r a i n s  were p re sen t s id e  by side ( I s a a c s ,  
G le d h i l l  & Andrewes, 1952; I s a a c s ,  1953)* Since P and Q 
v iru s e s  b reed  t r u e  on growth in  eggs th e  assum ption i s  th a t  
bo th  components were o r ig in a l ly  p re sen t in  the  g a rg lin g s .
The t h i r d  p iece  o f evidence comes from the  study  of Q v a r ia n ts  
o f a L iv e rp o o l s t r a i n .  These v a r ia n ts  were induced in  th e  
la b o ra to ry  in  1951 by growth of a L iverpoo l s t r a in  in  th e  
p resen ce  o f homologous immune serum ( I s a a c s ,  G le d h ill  &
Andrewes, 1952). One y e a r  l a t e r  two s t r a in s  were is o la te d  
from g a rg lin g s  se n t from th e  P e rs ia n  G ulf to  th e  C en tra l 
P ub lic  H ea lth  L ab o ra to ry , C o lin d a le . The s tr a in s  were 
a n t i  gen ic  a l l y  c lo s e ly  s im ila r  to  th e  la b o ra to ry  induced 
v a r ia n t s ,  and fu rth e rm o re , both  the  P e rs ian  s t r a in s  showed 
P and Q components when grown a t  l im it in g  in fe c t iv e  d i lu t io n
s
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( I s a a c s ,  1 9 5 3 ). A com parison o f the behaviour of th e  n a tu ra l  
and la b o ra to r y  induced  v a r ia n ts  i s  shown in  Table X II.
These f in d in g s  su g g est t h a t  changes s im ila r  to  th o se  which 
had been induced  i n  th e  la b o ra to ry  had occurred  under n a tu ra l  
c o n d i t io n s ,  th e  g a rg lin g s  having been ta k en  a t  a tim e when 
b o th  v a r i a n t s  were p re s e n t s id e  by s id e .
D r. M a g ill has r e c e n t ly  found evidence (p e rso n a l communication) 
t h a t  th e  serum used  in  la b o ra to ry  experim ents a c ts  by s e le c tin g  
p r e - e x i s t in g  v a r i a n t s .  V a ria n ts  s im i la r  to  th o se  which we 
have found cou ld  be s e le c te d  from a s t r a i n  a f t e r  p r e c ip i ta t in g  
i t  w ith  a n t i  serum in  v i t r o  and growing v iru s  from th e  super­
n a ta n t  f l u i d .  By t h i s  tech n iq u e  Dr. M ag ill hopes to  be ab le  
to  e s tim a te  th e  p ro p o r tio n  o f v a r ia n ts  p re se n t in  any s t r a i n .  
Presum ably an tib o d y  in  n a s a l  s e c re t io n s ,  or when added in  th e  
la b o ra to ry ,  s e le c t iv e ly  favou rs th e  growth o f th e se  v a r ia n ts  
w hich a re  p o o rly  n e u t r a l is e d  by an tib o d y .
The Mechanism o f  P-Q V a r ia tio n
We have e a r l i e r  suggested  th a t  P and Q stra in s"  may have 
a s im i la r  a n t ig e n ic  com position bu t d i f f e r  in  th e  arrangem ent 
o f t h e i r  component a n tig e n s  ( I s a a c s ,  G le d h ill  & Andrewes, 1952). 
Thus, as a co n v en ien t w orking h y p o th esis , one might suppose 
t h a t  th e  dominant a n tig e n  i s  p re se n t as a su rface  an tig en  in  
P v iru s e s  b u t i s  deep ly  s i tu a te d  w ith in  the v i r u s  p a r t i c l e  in  
Q v a r i a n t s .  Presum ably th e  v iru s  p a r t i c l e s  a re  broken up 
by an tibody -fo rm ing  c e l l s ) hence P and Q s t r a in s  would be
e q u a l ly  e f f i c i e n t  in  ind u c in g  an tibody  p ro d u c tio n . However 
th e  P v i r u s  would combine w ith  an tibody  more e f f i c i e n t l y  
s in c e  th e  dominant a n tig e n  i s  p re se n t n ea r th e  v im s  s u r fa c e . 
T his h y p o th e s is  has rece iv ed  s t r ik in g  support from some a n t i ­
body a b so rp tio n  experim ents c a r r ie d  ou t along w ith  Dr. F is e t  
and u s in g  th e  tech n iq u e  o f F is e t  and Donald (1953). Table 
X III  shows th e  c r o s s - s e r o lo g ic a l  r e la t io n s h ip s  between a 
L iv e rp o o l 1950-51 s t r a i n  (A /E ngland /1 /51), a Scandinavian 
1950-51 s t r a i n  (A/Sweden/3/50) and a Scandinavian 1952-53 
s t r a i n  (A /lA Lssouri/303/52) when each serum i s  absorbed w ith  
each v i ru s  and te s t e d  w ith  each v iru s .  F ig . 1 a lso  i l l u s t r a t e s  
th e  r e s u l t s  o b ta in ed  a f t e r  th e  t h i r d  a b so rp tio n .
The r e s u l t s  show t h a t  A /E ng land /l/51  and A /M issouri/303/52 
have d i s t i n c t  m ajor a n tig e n s  and share minor a n tig e n s . 
A /Sweden/3/50 sh a re s  minor a n tig e n s  w ith  each s t r a i n  bu t 
a ls o  sh a re s  a m ajor a n tig e n  w ith  A /M sso u ri/3 0 3 /5 2 . T h is  
l a t t e r  f a c t  can on ly  be shown in  te s t s  w ith  th e  A /M issouri/3o3/5 2  
v i r u s ,  however, and th e  reason  fo r  th i s  can be seen when th e  
c e n t r a l  square o f Table X III i s  examined. I t  i s  c le a r  from 
t h a t  t h a t  A/Sweden/3/50 v iru s  i s  ab le  to  induce an tibody  to  
A /M issou ri/303 /52  v iru s  bu t i s  unable to  absorb th e  an tibody , 
a lth o u g h  homologous an tibody  i s  com pletely  absorbed, a f in d in g  
which may be un ique in  im munological in v e s t ig a t io n s .  This i s  
n o t an  i s o la te d  experim en tal r e s u l t  s in ce  D rs. l* iset and 
Depoux have noted  s im ila r  f in d in g s  w ith  o th e r  in f lu e n z a  A
TABLE XIII
Cross absorption t e s t s  w ith  A/Swe/3/50. A/Eng/1/51 and A /M issouri/303/52 v iru ses  and sera
Absorption
No.
A /E ng/l/51 serum te s te d  w ith  
A/Eng/1/51 A/Swe/3/50 A/M is/303/52
A/Swe/3/50 serum te s te d  w ith  
A/Eng/1/51 A/Swe/3/50 A/M is/303/52
A/M issouri/303/52 serum te s te d  w ith  
A/Eng/1/51 A/Swe/3/50 A/M is/303/52
i I .  Absorbed w ith  A/Mis so u r i/3 0 3 /5 2
1 1280 40 < 40 80 80 80 ^ 4 0 <40 480
2 1280 ^40 < 40 40 60 < 40 < 40 < 40 80
3 1280 < 20 < 20 30 20 c 20 < 20 < 20 < 20
Control 1280 120 160 240 240 480 100 120 1920
I I .  Absorbedjwith A/Swe/3/50
1 1280 < 40 ^40 80 60 320 < 40 <40 640
2 1280 < 40 < 40 40 <40 320 < 40 < 40 640
3 960 < 20 < 20 <20 20 240  ^ 20 < 20 640
Control 1280 80 80 240 160 480 120 120 1280
I I I .  Absorbed-with A /E ng/l/51
1 640 40 <r 40 40 120 320 < 40 40 480
2 .180 <40 <40 < 40 80 320 < 40 <40 480
3 < 20 < 20 20 < 20 30 320 < 20 <20. 480
Control
\
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FIG. I . Anti-haem agglutinin t i t r e s  with A /E ngland/l/51,
A/Sweden/3/50 and A /M issouri/303/52 v iru ses; r e su lts  of 
cross-absorp tion  t e s t s .
v i r u s e s .  The f in d in g s  a re -c o m p a tib le  w ith  th e  above hypo­
t h e s i s  and th e y  su g g e s t th a t  th e  P-Q v a r i a t i o n  can be c o n s id e re d  
as  e s s e n t i a l l y  a m o d if ic a t io n  in  th e  arrangem ent o f th e  dom inant 
a n t ig e n  w ith in  th e  v i r u s  p a r t i c l e .  The f a c t  t h a t  th e  
S can d in av ian  1953 a n t ig e n  was p re s e n t  w ith in  th e  1950-51 
s t r a i n  and l a t e r  emerged a s  a su rfa c e  a n t ig e n  may be Of 
im portance  i n  th e  e v o lu tio n  o f  a p p a re n tly  new a n t ig e n ic  
p a t te r n s  o f in f lu e n z a  v i r u s e s .
V. SOME EPIDEMIOLOGICAL (INCLUSIONS
FROM THE ANTIGENIC STUDIES
We would l i k e  to  su g g e s t, based  on th e  fo re g o in g  s tu d ie s ,  
t h a t  in f lu e n z a  v i r u s e s  undergo two main ty p e s  o f  v a r i a t i o n .
The f i r s t  i s  a n t ig e n ic  v a r i a t i o n  in  w hich a v a r ia n t  a c q u ire s  
a new a n t ig e n  w hich canno t be d em o n stra ted  in  th e  p a re n t  
s t r a i n .  The second i s  P-Q v a r i a t io n  w hich  wc would p ropose 
o ccu rs  by re -a rra n g e m e n t o f  th e  a n t ig e n ic  com ponents p re s e n t  
i n  th e  p a r e n t  s t r a i n .  A n tig en ic  v a r i a t io n  o ccu rs  l e s s  
f r e q u e n t ly  th a n  P-Q v a r i a t i o n  under n a t u r a l  c o n d i t io n s  and 
th e re  i s  no co n v in c in g  ev idence  t h a t  a n t ig e n ic  v a r i a t io n  has 
e v e r  been induced  i n  th e  la b o ra to r y .  Thus th e  changes 
induced  in  in f lu e n z a  v i r u s e s  as a r e s u l t  o f  a d a p ta t io n  to  
mice ( H i r s t ,  1947) o r  p a ssa g e s  along  w ith  h e te ro lo g o u s  a n t i ­
body ( A rc h e t t i  & H o r s f a l l ,  1950) a re  n o t e a s y  to  d i s s o c ia te  
from  P-Q changes o r to  th e  u se  o f he te ro g en eo u s v i r u s  
p o p u la t io n s .  A n tigen ic  changes can  be d e te c te d  in  in f lu e n z a  
A v i r u s e s  e v e ry  1 -2  y e a rs  and i t  i s  assumed th a t  th e  p resen ce  
o f a new a n tig e n  c o n fe rs  s u rv iv a l  advan tages on th e  v i r u s .
I t  i s  tem p tin g  to  t r y  to  r e l a t e  th e  a n t ig e n ic  p a t te r n s  
o f  th e  in f lu e n z a  v i r u s e s  to  t h e i r  e p id e m io lo g ic a l b e h a v io u r.
The in f lu e n z a  A v ir u s e s  a re  h ig h ly  v a r ia b le  and v a ry  p ro g re s s iv e ly ,  
a p p a re n tly  by a c q u ir in g  new a n t ig e n ic  com ponents and d is c a rd in g  
o ld e r  o n es . The c o n tro v e rsy  w hether th e se  p ro g re s s iv e  changes
a re  f i n i t e  o r  i n f i n i t e  i s  one which has engendered more h e a t 
th a n  l i g h t  and w hich i s  im m ate ria l to  th e  p r e s e n t  argum ent.
The in f lu e n z a  B v i r u s e s  show c o n s id e ra b ly  l e s s  a n t ig e n ic  
v a r i a b i l i t y  and s t r a i n s  reco v e re d  n e a r ly  10 y e a rs  a p a r t  have 
shown no s ig n i f i c a n t  a n t ig e n ic  d i f f e r e n c e s ,  a s i t u a t i o n  un­
p a r a l le l e d  w ith  th e  A v i r u s e s .  Very few  in f lu e n z a  C v iru s e s  
have been reco v e re d  so f a r  bu t a l l  have been a n t ig e n ic a l ly  
s im i la r .  C o rre sp o n d in g ly , in f lu e n z a  A v i r u s e s  a re  h ig h ly  
e f f i c i e n t  ep idem ic a g e n ts , B v i r u s e s  much l e s s  so and in f lu e n z a  
C seems to  be  an endemic d is e a s e ,  no s e r io u s  o u tb reak s  having  
been re c o rd e d  so f a r .  I t  seems n o t u n reaso n ab le  to  b e l ie v e  
t h a t  a v i r u s  w hich can produce f re q u e n t a n t ig e n ic  v a r ia n t s  
w i l l  be ab le  to  p roduce m ajor ep idem ics by c o n t in u a l ly  keep ing  
ahead o f th e  im m unity o f  th e  h o s t  p o p u la tio n .
The im portance  o f p re v io u s  exposure to  a n t ig e n ic a l ly  
r e l a t e d  v i r u s e s  on th e  r e a c t io n s  o f  a p o p u la tio n  to  an in f lu e n z a  
epidem ic were v e ry  c l e a r ly  shown by an epidem ic which o ccu rred  
i n  Ocean I s la n d  ( I s a a c s ,  Edney, D onnelley  & Ingram , 1950).
T h is  i s l a n d ,  which i s  alm ost e n t i r e l y  g iven  over to  phosphate  
m in ing , has th re e  d i f f e r e n t  r a c i a l  p o p u la tio n s .  G i lb e r t  and 
E l l i c e  i s la n d e r s  a re  b rough t to  Ocean Is la n d  f o r  1 -2  y e a r  
p e r io d s ,  a  European group i s  re sp o n s ib le  fo r  s u p e rv is in g , 
and p e r io d i c a l ly  C hinese a re  b rough t from  n e a r  Hong Kong to  
supplem ent th e  G ilb e r t  and E l l i c e  i s l a n d e r s .  I t  i s  a w e l l -  
known e p id e m io lo g ic a l o b se rv a tio n  th a t  som ething a k in  to
' in f lu e n z a  f r e q u e n t ly  b re a k s  o u t among th e  i s la n d e r s  w ith in  a 
few days o f th e  a r r i v a l  o f th e  C hinese and t h i s  s ta te  o f  a f f a i r s  
ag a in  o c c u rre d  in  1948. On t h i s  o c c a s io n , how ever, we had 
th e  o p p o r tu n i ty  o f co n firm in g  by b a c t e r io l o g ic a l  in v e s t ig a t io n s  
th e  im p re ss io n  t h a t  t h i s  was an o u tb rea k  o f  in f lu e n z a .  The 
in c id e n c e  o f  in f lu e n z a  in  th e  th r e e  p o p u la tio n s ,  w hich 
i n c id e n ta l l y  mixed f r e e l y  w ith  one a n o th e r ,  was most s t r i k i n g .  
Most o f th e  290 E l l i c e  i s l a n d e r s  became i l l ,  many s e v e re ly  so 
and th e re  w ere 5 d e a th s .  About 10 p e r c e n t o f  th e  Europeans 
were in v o lv e d , w ith  m ild  in f e c t io n s ,  an in c id e n c e  which i s  
n o t much h ig h e r  th e n  we would ex p ec t in  an epidem ic i n  t h i s  
c o u n try . None o f th e  C hinese became s ic k  and th e r e  was no 
re p o r te d  s ic k n e s s  among th e  C hinese on t i e  b o a t t o  Ocean I s la n d .  
In f lu e n z a  A v ir u s e s  were i s o l a t e d  from 10 o u t o f  12 g a rg lin g s  
t e s t e d  and many p a t i e n t s  showed sharp  a n tib o d y  r i s e s  to  th e  
in f e c t in g  s t r a i n  d u rin g  th e  co u rse  o f t h e i r  i l l n e s s e s .  In  
a d d i t io n ,  many o f  th e  C hinese showed h ig h  le v e ls  o f  an tib o d y  
to  th e  in f lu e n z a  A s o lu b le  co m p lem en t-fix ing  a n t ig e n , a r e s u l t  
s t r o n g ly  su g g e s tiv e  o f r e c e n t in f e c t io n  w ith  th e  v i r u s .  We 
would i n t e r p r e t  th e se  o b se rv a tio n s  as in d ic a t in g  th a t  in f lu e n z a  
was endemic i n  th e  C hinese p o p u la tio n , m a in ta in in g  i t s e l f  by 
p ro d u c in g  o c c a s io n a l s u b c l in ic a l  i n f e c t io n s .  The G ilb e r t  
and E l l i c e  i s la n d e r s  in d ic a te  th e  e f f e c t s  w hich an o th e rw ise  
r a th e r  harm less v iru s  can produce in  a h ig h ly  s u s c e p tib le  
p o p u la tio n .
How does th e  v i r u s  a p p a re n t ly  a c q u ire  ' 'v i r u le n c e 1' i n  i t s  
sp re a d  th ro u g h  a s u s c e p t ib le  p o p u la tio n ?  The v ir u s  s t r a i n s  
reco v e red  d id  n o t  d i f f e r  from  o th e r  s t r a i n s  we have s tu d ie d  
in  any c h a r a c t e r i s t i c  t e s t e d  and a t  p r e s e n t  we have no 
la b o ra to ry  t e s t  w hich can be r e la te d  to  v iru le n c e  f o r  human 
b e in g s . I t  seems w o rth  w h ile  to  a ttem p t to  r e l a t e  v iru le n c e  
to  known p r o p e r t i e s  o f  th e  v i r u s .  The t o x i c i t y  o f  inf3.uenxa 
v i r u s e s  i s  a w ell-know n p ro p e r ty  i n  th e  la b o ra to r y  ( e .g .  Henle 
& H enle, 1946) and Sugg (1949) has su g g ested  t h a t  th e  t o x i c i t y  
o f  in f lu e n z a  v i r u s e s  g iv en  in t r a n a s a l l y  to  mice i s  a fu n c tio n  
o f the  v i r u s  dosage r a t h e r  th a n  a r e s u l t  o f a c tu a l  v i r u s  
m u l t ip l i c a t io n .  One m ight p o s tu la te  th e re f o r e  t h a t  in f lu e n z a  
v i r u s e s  a re  to x ic  f o r  man when th e y  reach  a c e r t a in  c r i t i c a l  
c o n c e n tr a t io n .  YJhen in f lu e n z a  v i r u s e s  i n f e c t  man th e y  may 
f i r s t  m eet some o p p o s itio n  from sm all amounts o f an tib o d y  
o r  norm al i n h i b i t o r s  p re s e n t  in  th e  r e s p i r a to r y  t r a c t .  The 
l a t t e r ,  w h ile  n o t u s u a l ly  c o n s id e re d  to  a f f e c t  th e  i n f e c t i v i t y  
o f  in f lu e n z a  v i r u s e s ,  may n e v e r th e le s s  slow  down th e  r a t e  o f  
m u l t ip l i c a t io n  o f  c e r t a in  v i r u s  s t r a in s  (Andrewes, I s a a c s  & 
Marmion, 1 9 5 4 ). T h e re a f te r  th e  outcome o f  in f e c t io n  may be 
conce ived  o f as  a ra c e  betw een th e  r a t e  a t  which v i r u s  m u ltip l ie s  
and a n tib o d y  i s  produced  and m o b ilis e d . A ntibody p ro d u c tio n  
i s  p resum ably  more ra p id  in  people w ith  p a s t  ex p e rien ce  o f 
a n t ig e n ic a l ly  r e l a t e d  v i r u s e s .  I f  a n tib o d y  p ro d u c tio n  i s  
more r a p id ,  th e  c r i t i c a l  v iru s  l e v e l  i s  n ev er reached  and m ild
o r s u b c l in ic  a l  in f e c t io n  w i l l  r e s u l t .  I f  v i ru s  p ro d u c tio n  
i s  more r a p id  th e  c r i t i c a l  l e v e l  may soon be reac h ed  and 
to x ic  symptoms r e s u l t .  In  a d d i t io n ,  a p e rso n  w ith  a h ig h  
c o n c e n tra t io n  o f  v i r u s  i n  h i s  r e s p i r a to r y  t r a c t  i s  l i a b l e  to  
sp re a d  la r g e  amounts of v i r u s .  Hence s u s c e p t ib le  in d iv id u a ls  
may be in f e c te d  w ith  la rg e  doses o f  v i r u s ,  an e f f e c t  which 
would f u r th e r  a s s i s t  th e  v i r u s  in  i t s  ra c e  a g a in s t  an tib o d y  
p ro d u c tio n . In  t h i s  way th e  v i r u s  would a p p a re n tly  a c q u ire  
" v iru le n c e ” in  i t s  passage th ro u g h  a s u s c e p t ib le  p o p u la tio n .
Some i n d i r e c t  ev idence f o r  th e s e  s p e c u la tio n s  comes from  th e  
Ocean I s la n d  ep id em ic . The g u rg lin g s  were sh ipped  to  A u s t r a l ia  
i n  th e  co ld  room o f  a  sh ip  w ith o u t any s p e c ia l  p re c a u tio n s  to  
p re se rv e  v i r u s  i n f e c t i v i t y .  The voyage t o  A u s t r a l i a  to o k  5 
w eeks and y e t  in  s p i t e  o f th e s e  v e ry  f a r  from id e a l  c o n d it io n s ,  
v i r u s  was i s o l a t e d  w ith  th e  g r e a t e s t  o f ease  from  10 out o f  
12 g a rg l in g s .  T his u n u su a lly  h ig h  p ro p o r tio n  o f su ccess  
su g g e s ts  t h a t  th e  v i ru s  was i n i t i a l l y  p re s e n t  i n  th e  g a rg lin g s  
i n  h ig h  c o n c e n tr a t io n .  U n fo r tu n a te ly  we have no f u r th e r  
d i r e c t  ev id en ce  on t h i s  p o in t .
The r e s u l t s  d e sc r ib e d  in  C hap ter I I I  le a v e  l i t t l e  doubt 
t h a t  t ru e  sp read  o f  in f lu e n z a  v i ru s  can o ccu r a c ro s s  c o n t in e n ts .  
The f a c t  t h a t  w ith in  a few  months o f th e  appearance o f a new 
a n t ig e n ic  v a r i a n t  th e  v iru s  can be reco v e red  from ev ery  
c o n t in e n t  o f  th e  w orld  i s  m ost sim ply  in te r p r e te d  by assum ing 
t h a t  a n t ig e n ic  v a r i a t io n  i s  a r e l a t i v e l y  uncommon ev en t
and th a t  th e  new v a r ia n t  has s u f f i c i e n t  a n t ig e n ic  n o v e l ty  
to  a llo w  i t  to  f in d  s u s c e p t ib le  in d iv id u a ls  everywhere^, 
T ra n s - e q u a to r ia l  sp re a d  o f v i r u s  i s  a ls o  in d ic a te d  by th e  
r e s u l t s  o f th e  1950-51 epidem ic b u t th e  p u zz le  o f  how th e  
v i r u s  su rv iv e s  betw een ep idem ics rem ains u n so lv ed . There 
a re  two main t h e o r i e s .  The f i r s t  assumes th a t  in f lu e n z a  
v i r u s  i s  endemic i n  c e r t a i n  p o p u la tio n s  and  sp re a d s  by cau s in g  
in f r e q u e n t  s u b c l i n ic a l  in f e c t io n s  u n t i l  a s u f f i c i e n t l y  la rg e  
s u s c e p t ib le  p o p u la tio n  i s  b u i l t  up f o r  an o u tb re a k  to  o c c u r . 
Presum ably Q v a r i a n t s  o f v i r u s  would be ab le  to  s u rv iv e  w e ll  
under -these c o n d itio n s  and m igh t th e re f o r e  p la y  an im p o rta n t 
r o le  i n  th e  in te r -e p id e m ic  s u r v iv a l  of v i r u s .  A l te rn a t iv e ly  
v i r u s  may su rv iv e  in  c e r t a in  in d iv id u a ls  in  a l a t e n t  form .
T h is  i s  th e  case w ith  h e rp e s  s im plex  v i r u s  which p e r s i s t s  in  
h e r p e t ic  in d iv id u a ls  from th e  tim e o f f i r s t  in f e c t io n  in  
in fa n c y  th ro u g h o u t th e  i n d iv id u a l ’ s l i f e .  Andrewes (1942) 
has su g g es ted  th a t  in f lu e n z a  v ir u s e s  may s im i la r ly  su rv iv e  
i n  c e r t a in  in d iv id u a ls  in  a "b a s ic "  form and r e c e n t work w ith  
sy m b io tic  b a c te r io p h a g e s  o f f e r s  a n o th e r  an a lo g y . W ith re g a rd  
to  in f lu e n z a ,  bo th  th e o r i e s  seem ex trem ely  d i f f i c u l t  e i t h e r  
to  p rove o r  d is p ro v e . Perhaps th e  p e r io d  s h o r t ly  b e fo re  an 
epidem ic i s  ex p ec ted  would repay  f u r th e r  s tu d y  b u t u n fo r tu n a te ly  
p r e d ic t io n  o f in f lu e n z a  ep idem ics i s  s t i l l  h aza rd o u s.
46.
V I. PREVENTION OF INFLUENZA
The p re v e n tio n  o f o u tb re a k s  o f in f lu e n z a  u s u a l ly  c o n ju re s  
up a p ic tu r e  o f v a c c in a t io n  in  th e  m inds o f  th o se  concerned  
w ith  t h i s  s u b je c t .  I t  i s  g e n e ra l ly  accep ted  th a t  q u a ra n tin e  
m easures a r e  i n  m ost Crises o f l i t t l e  a v a i l  in  h a l t i n g  an 
in f lu e n z a l  o u tb re a k .
V a c c in a tio n  a g a in s t  in f lu e n z a  has had i t s  su c c e sse s  and 
i t s  f a i l u r e s .  The American t r i a l  c a r r ie d  o u t i n  1943-44 
showed c l e a r l y  t h a t  th e  r ig h t  v acc in e  g iven  a t  th e  r i g h t  tim e 
can m a te r ia l ly  and s ig n i f i c a n t l y  reduce th e  in c id e n c e  of 
c l i n i c a l  in f lu e n z a  (Commission on In f lu e n z a , 1 9 44 ). On th e  
o th e r  hand, t r i a l s  i n  1947 in  th e  U .S.A . (F ra n c is ,  S a lk  & 
Q u il l ig a n ,  1947) and in  t h i s  c o u n try  (M ellanby, Andrewes,
Dudgeon & Mackay, 1946) showed l i t t l e  e f f e c t iv e  a c t io n  by 
in f lu e n z a l  v a c c in e , and a l a r g e  and c a r e f u l ly  o rg a n ise d  t r i a l  
i n  B r i t a in  i n  th e  1952-53 w in te r  showed th a t v acc in e  caused  
o n ly  a v e ry  s l i g h t ,  a lth o u g h  s t a t i s t i c a l l y  s ig n i f i c a n t ,  red u c tio n  
i n  in f lu e n z a l  i l l n e s s e s  (Committee on In f lu e n z a , 1 9 5 3 ).
There h as  been a tendency  on th e  p a r t  of e n th u s ia s t ic  
p ro ta g o n is ts  o f  in f lu e n z a l  v a c c in a t io n  to  assume a p r i o r i  
t h a t  v a c c in e s  shou ld  work and th a t  where th e y  do n o t work 
th e re  i s  alw ays a good re a so n  f o r  i t .  I t  may be w orth  w h ile  
to  examine th e se  re a so n s  and d is c u s s  what m easures can be 
ta k e n  to  c o u n te ra c t them, b e fo re  c o n s id e r in g  f u r th e r  th e  
r a t i o n a le  o f p a r e n te r a l  v a c c in a t io n  a g a in s t  in f lu e n z a .
A ssessm ent o f V accine T r i a l s
One o f the  f a c t o r s  w hich i n t e r f e r e s  m ost w ith  th e  
assessm en t o f  in f lu e n z a l  v a cc in e  t r i a l s  i s  th e  p re se n c e  o f  
n o n - in f lu e n z a l  r e s p i r a t o r y  in f e c t io n s  b e s id e  in f lu e n z a l  c a s e s .  
The commonest in f e c t io n  i s  ‘’f e b r i l e  c a t a r r h ” ( S tu a r t - H a r r i s ,  
Andrewes & Sm ith , 1938) o r “a c u te  r e s p i r a to r y  d i s e a s e ” (ARD) 
(Commission on Acute R e s p ira to ry  D ise a se s , 1 9 4 6 ). T h is  
i n f e c t io n  f r e q u e n t ly  cau ses  la rg e  o u tb rea k s  among re c e n t  
r e c r u i t s  to  th e  army and i t  ap p ea rs  to  be commoner i n  th e  
U .S.A . th a n  i n  t h i s  c o u n try . S ince th e re  i s  no la b o ra to r y  
t e s t  f o r  t h i s  in f e c t io n  i t s  la b o ra to ry  d ia g n o s is  u s u a l ly  
r e s t s  on th e  n e g a tiv e  r e s u l t s  o f  t e s t s  f o r  in f lu e n z a l  in f e c t io n .  
However, i f  th e  a n tih a e m a g g lu tin in  re sp o n se  i s  used  a s  a 
s e r o lo g ic a l  t e s t  f o r  in f lu e n z a ,  v a c c in a t io n  may produce such 
a  h ig h  a n tib o d y  t i t r e  t h a t  no f u r th e r  r i s e  can be d e te c te d  
fo llo w in g  an in f lu e n z a l  i n f e c t io n ;  i t  i s  th e re fo re  d i f f i c u l t  
to  d i s t in g u is h  in f lu e n z a  i n  a v a c c in a te d  in d iv id u a l  from  
f e b r i l e  c a t a r r h  in  t h i s  way. Many o f  t h e  h e ro ic  e f f o r t s  
to  p r e s e n t  th e  r e s u l t s  of v a c c in a t io n  t r i a l s  in  th e  most 
f a v o u ra b le  p o s s ib le  l i g h t  ( e .g .  S a lk  & S u ria n o , 1949) fou n d er 
on t h i s  d i f f i c u l t y .  On th e  o th e r  hand, th e  two in f e c t io n s  
a re  r e a d i ly  d is t in g u is h e d  i f  v iru s  i s o l a t i o n  or com plem ent- 
f i x a t io n  w ith  in f lu e n z a  so lu b le  a n tig e n  a re  u se d . But b e s t  
o f a l l  th e  assessm en t o f in f lu e n z a l  v a c c in e  t r i a l s  can be 
mane in  c i v i l i a n  p o p u la tio n s  n o t h e a v i ly  exposed to  o u tb re a k s
of f e b r i l e  c a t a r r h ,  and on th e  b a s i s  o f c l i n i c a l  (and  n o t 
la b o ra to ry )  a t t a c k  r a t e s .  T h is  i s  e s s e n t i a l l y  th e  ap p ro ach  
adopted  by th e  M edical R esearch  C o u n c il’ s Committee on 
In f lu e n z a . '
Im portance o f th e  S t r a in s  u sed
The su ccess  o f th e  v a c c in e  used  in  th e  1943 t r i a l  
c o n t r a s te d  w ith  the  fa ilu re  o f v acc in e  i n  th e  1947 t r i a l s  i s  
g e n e ra l ly  a t t r i b u t e d  to  th e  f a c t  th a t  th e  epidem ic s t r a i n  was 
c lo s e ly  r e l a t e d  a n t ig e n ic a l ly  to  one o f  th e  s t r a i n s  i n  th e  
1943 v a c c in e  b u t n o t i n  th e  1947 v a c c in e . T h is  would ap p ea r 
to  be a most im p o r ta n t f a c t o r  a lth o u g h  i t  i s  d i f f i c u l t  to  say  
w hether i t  i s  th e  o n ly  f a c t o r .  O bv iously , w ith  th e  co n tin u ed  
a n t ig e n ie  changes w hich in f lu e n z a  v i r u s e s  a re  undergo ing  a 
v a c c in e  should  c o n ta in  s t r a i n s  a n t ig e n ic a l ly  as c lo se  as 
p o s s ib le  to  th e  c u r r e n t  epidem ic s t r a i n .  I t  may o c c a s io n a lly  
be p o s s ib le ,  as in  1943; to  in c o rp o ra te  i n  th e  v ac c in e  a  s t r a i n  
o f v i r u s  a n t ig e n ic a l ly  i d e n t i c a l  w ith  th e  i n f e c t in g  s t r a i n .
More commonly, a c lo s e ly  r e l a t e d  s t r a i n  can be made a v a i la b l e .  
O c c a s io n a lly , th e  in f lu e n z a  v i r u s  can be ex p ec ted  to  show an 
a b ru p t a n t ig e n ic  change and i n  such c a se s  th e  v a c c in e  i s  l i a b l e  
to  la g  b e h in d . One o f th e  fu n c tio n s  o f th e  W orld H ea lth  
O rg a n isa tio n  programme on in f lu e n z a  i s  to  o b ta in  and make 
a v a i la b le  th e  most u p - to - d a te  in fo rm a tio n  on th e  a n tig e n ic  
c h a ra c te r s  o f  s t r a i n s  o f v iru s  i n  c i r c u l a t i o n .  These s t r a i n s  
can be d i s t r i b u t e d  to  anyone in te r e s te d  in  p re p a r in g  v a c c in e .
One o f th e  m ajor d isa d v a n ta g e s  o f in f lu e n z a l"  v a c c in e s  
i s  th a t  th e  a n tib o d y  re sp o n se  fo llo w in g  v a c c in a t io n  i s  o f 
s h o r t  d u r a t io n .  The u se  o f  a d ju v a n ts  based  on th e  p r in c ip le s  
e la b o ra te d  by Ramon and Freund h a s  m a te ria lly  in c re a s e d  th e  
d u ra tio n  o f th e  a n tib o d y  re sp o n se . At f i r s t ,  how ever, 
a d ju v a n ts  th em selves were n o t w ith o u t r i s k  s in c e  s t e r i l e  
a b sc e s se s  r e s u l t e d  from  t h e i r  use  (Henle & H enle, 1945) 
b u t r e c e n t ly  S a lk  has c la im ed  t h a t  th e  use o f  a m in e ra l o i l  
(B ayol F) and an e m u ls ify in g  ag en t ( a r l a c e l )  in j e c te d  i n t r a ­
m u sc u la r ly  g iv e s  a s a fe  v a c c in e  (SaLk, B a ile y  & L au re n t, 1952). 
C a re fu l  e n q u iry  r e v e a ls ,  how ever, t h a t  no d u les  may ap p ea r a t  
th e  in j e c te d  s i t e  about 1 y e a r  a f t e r  v a c c in a t io n  in  1 p e r  c e n t 
o f  v a c c in a te d  in d iv id u a l s .  The r i s k  o f c a rc in o g e n e s is , 
from  th e  i n j e c t i o n  o f  th e se  o i l s  i s  a  p o s s i b i l i t y  and 
i t  may be q u e s tio n e d  w hether th e  use o f  a d ju v a n ts  i s  w ho lly  
d e s i r a b l e .
T here a re  two m ain ad van tages cla im ed  fo r  a d ju v an t 
v a c c in e s  (S a lk , 1953)* They a re  s a id  to  in c re a s e  th e  b re a d th  
o f  an tib o d y  re sp o n se  and to  d e c re a se  g r e a t ly  th e  amount o f 
v i r u s  r e q u ir e d  to  be u sed . The l a s t  f a c to r  i s  im p o rta n t 
s in c e  to x ic  e f f e c t s  due to  th e  v iru s  i t s e l f  can  be v i r t u a l l y  
e l im in a te d  and a ls o  because more doses o f v a c c in e  can  be 
m anufac tu red  from a' l im ite d  su p p ly  o f eggs. S a lk  o r ig i n a l l y
Ou-’, tVO'CT'vl*"
claim ed  t h a t  th e  u se  o f y acc in e  in c re a s e d  by a f a c t o r  o f ab o u t
100 th e  e f f ic ie n c y  o f a v a c c in e . O ther w o rkers f in d  a 
f ig u r e  c lo s e r  to  10 and r e c e n t ly  S a lk  has to ld  me t h a t  th e  
f ig u re  o f  100 a p p lie d  o n ly  to  o n e . p a r t i c u l a r  l i n e  o f  th e  PR8 
s t r a i n  and t h a t  w ith  o th e r  s t r a i n s  and even w ith  a n o th e r  l i n e  
o f th e  PRB s t r a i n  th e  f ig u re  o f 10 i s  more a c c u ra te .
W hile i t  seems c l e a r  t h a t  a d ju v a n ts  in c re a s e  g r e a t ly  th e  
e f f ic ie n c y  of in f lu e n z a  v i r u s  a s  an an tib o d y -p ro d u c in g  a g e n t ,  
th e re  has been no ev idence y e t  t h a t  th e  p r o te c t iv e  e f f e c t  o f 
v a c c in e s  i s  in c re a s e d . Most o f th e  t r i a l s  c a r r ie d  o u t in  
th e  U .S.A . have shown no p r o te c t iv e  e f f e c t  s in c e  th e  em ulsions 
u sed  w ere u n s ta b le ,  b u t one t r i a l  w hich ap p ea rs  to  be t e c h n ic a l ly  
s a t i s f a c t o r y  has d em onstra ted  t h a t  v a c c in e  d i lu te d  1 i n  5 p lu s  
a d ju v a n t g iv e s  about th e  same o rd e r  o f p r o te c t io n  as  u n d ilu te d  
s a l in e  v acc in e  a g a in s t  c l i n i c a l  in f lu e n z a (D o rla n d  D avis, 
p e rs o n a l com m unication). So f a r ,  no in fo rm a tio n  ab o u t th e  
d u ra tio n  o f p r o te c t io n  w ith  a d ju v a n t v a c c in e s  i s  a v a i la b le .  
A d ap ta tio n  o f V iru s  S tr a in s  to  Mice
I t  i s  w e l l  know n-that r e c e n t ly  i s o la te d  s t r a i n s  a re  
much p o o re r  a n tig e n s  th a n  w e ll  e s ta b l is h e d  la b o ra to r y  s t r a i n s  
(S a lk , L au ren t & M cGinnis, 1949; Appleby, Hiramelweit & S tu a r t -  
H a r r i s ,  1951; M eik le jo h n , W eiss, Shragg & L e n n e tte , 1952).
The p o s s i b i l i t y  was co n sid e red  th a t  s in c e  a l l  th e  e a r l i e r  
s t r a i n s  had been ad ap ted  to  m ice w hile  r e c e n t ly  i s o la te d  
s t r a i n s  w ere g e n e ra l ly  i s o l a t e d  and m a in ta in ed  i n  eg g s, 
a d a p ta tio n  to  m ice m ight p la y .a  s ig n i f i c a n t  ro le  in  th e
51.
a n t ig e n ic i ty  o f a s t r a i n .
A new te c h n iq u e  was evo lved  f o r  a s s a y in g  th e  a n t ig e n ic i ty  
o f  in f lu e n z a  v i r u s  v a c c in e s ,  based  on th e  m ethods used  f o r  
b io lo g ic a l  a s s a y s .  Groups of mice a re  in o c u la te d  i n t r a -  
p e r i  to n e  aL ly w ith  s e r i a l  ( y /lO -fo ld )  d i l u t i o n s  o f  th e  v a c c in e  
to  be t e s t e d .  F o u rteen  days l a t e r  th e  mice a re  b le d  and t h e i r  
s e ra  t e s t e d  in d iv id u a l ly  f o r  t h e i r  a n t ih a e m a g g lu tin in  c o n te n t .  
The r e s u l t s  o f  a t e s t  o f  t h i s  ty p e  a re  shown in  F ig . 2 .
F igu re  2 shows th a t  th e r e  i s  a la rg e  v a r i a t i o n  i n  th e  
resp o n se  o f  in d iv id u a l  m ice, a f a c t  w hich makes th e  u se  o f  
poo led  s e ra  u n d e s i r a b le .  However, th e r e  i s  a l i n e a r  r e l a t i o n  
betw een th e  lo g  dose o f  v a c c in e  and th e  lo g  an tib o d y  resp o n se  
w ith in  th e  l i m i t s  shown.
T h is  te c h n iq u e  was u sed  to  compare th e  a n t ig e n ic i ty  o f  
an unadap ted  s t r a i n  w ith  t h a t  o f the: same s t r a i n  a f t e r  mouse 
a d a p ta t io n .  The r e s u l t s  a re  shown in  F ig . 3 .
I t  m i l  be seen  th a t  th e  mouse ad ap ted  l i n e  i s  a much 
b e t t e r  a n t ig e n .th a n  th e  unadap ted  s t r a i n ,  th e  d i f f e r e n c e s  
betw een th e  two be ing  h ig h ly  s ig n i f i c a n t  s t a t i s t i c a l l y  ( I s a a c s  
& Sampaio, 1953)* In  a d d i t io n ,  th e  d i f f e r e n c e  betw een th e  
two l i n e s  in c re a s e s  w ith  in c re a s in g  v i r u s  dosage. The 
f in d in g s  were r e a d i ly  confirm ed w ith  th e  A/Sweden/3 /5 0  v i r u s .
T e s ts  i n  man have a lre a d y  shown t h a t  a m ouse-adapted 
s t r a i n  was a b e t t e r  a n tig e n  th a n  th e  co rresp o n d in g  unadap ted  
s t r a i n  ( I s a a c s  & Sampaio, 1953) and r e c e n t  experim en ts  by th e
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FIG. I I I .  Geometric mean anti-haem agglutinin t i t r e s  of 
mice in jec ted  with d iffe re n t d ilu tio n s  of unadapted and 
mouse-adapted A/England/1/51 v ir u se s .
M edica l R esearch  C o u n c il’ s Committee on In f lu e n z a  app ea r to  
confirm  t h i s  f in d in g .  No in fo rm a tio n  abou t th e  r e l a t i v e  
p r o te c t iv e  v a lu e s  o f th e  two l i n e s  i s  y e t  a v a i la b l e .
P a th o to p ic  P o te n t ia t io n  o f  Immunity
F ra n c is  (1941) p o in te d  ou t t h a t  v a c c in a t io n  a g a in s t  
in f lu e n z a  produced a la r g e  amount o f  a n tib o d y  i n  th e  p a t i e n t ’s 
serum b u t t h a t  p ro b ab ly  o n ly  a sm all f r a c t i o n  o f t h e  a n tib o d y  
produced reach ed  th e  r e s p i r a t o r y  t r a c t .  F ra n c is ,  P earso n , 
S u ll iv a n  and Brown (1943) d em onstra ted  a sm all r i s e  in  a n tib o d y  
i n  th e  r e s p i r a to r y  t r a c t  fo llo w in g  v a c c in a t io n  a n d fh is  f in d in g  
was l a t e r  confirm ed  by M ulder, B rans and H ers (1 9 5 2 ).
F azekas de S t .  G roth  and co -w orkers t r i e d  to  in c re a s e  th e  
e f f ic ie n c y  o f v a c c in a t io n  i n  mice by com bining in t r a p e r i t o n e a l  
v a c c in a t io n  w ith  th e  in o c u la t io n  o f an a d ju v a n t by th e  i n t r a ­
n a s a l  r o u te .  The ad ju v an t was th o u g h t to  in c re a s e  th e  
p e rm e a b il i ty  to  an tib o d y  o f th e  b a r r i e r  betw een th e  c i r c u la to r y  
-and r e s p i r a to r y  system s (F azekas de S t .  G ro th , 1950).
A t t r a c t iv e  as t h i s  th e o ry  a p p e a rs , ex trem ely  c a r e f u l  experim en ts 
i n  our la b o ra to ry  have f a i l e d  to  con firm  th e  e x p e rim e n ta l 
f in d in g s  (Depoux & M u sse tt, 1954)* The o n ly  d i f f e r e n c e  from  
D r. F azek a s1 ex p erim en ts  was in  th e  s t r a i n  o f m ice u sed , end 
i t  m ust be concluded  th e re fo re  t h a t  th e  phenomenon d e sc r ib e d  
u nder th e  te rm  ’’p a th o to p ic  p o te n t ia t io n  o f im m unity” i s  n o t  
o f u n iv e r s a l  a p p l ic a t io n .
Nasal V accination
On th e o r e tic a l grounds i t  might be expected th at the  
most e f f ic ie n t  immunising agent against in flu en za  would be 
a l iv e  attenuated v irus vaccine given in tr a n a sa lly . The 
b est vaccin es a v a ila b le  for other v iru s d isea ses  a l l  contain  
l i v e  v ir u s , e .g .  smallpox, r a b ie s , yellow  fe v e r . The natural 
route of in fe c t io n  would appear to  be the most lo g ic a l  to  use 
for vaccin ation  and there i s  experimental evidence to  suggest 
th at i t  produces the most favourable d is tr ib u tio n  o f antibody 
between the resp iratory  tr a c t  and blood (Fazekas de S t. Groth, 
1950). In the event of a pandemic the amount of vaccine  
which could be produced fo r  parenteral in je c t io n  would be 
lim ited  by the number o f f e r t i l e  eggs a v a ila b le . At present 
one egg supp lies roughly one dose of vaccine and even i f  
s u f f ic ie n t  adjuvants were immeaiately a v a ilab le  one egg could 
probably supply no more than 10 doses of vaccin e. With l iv e  
v iru s one egg might supply, th e o r e t ic a lly  a t le a s t ,  10,000 to  
100,000 doses, and thus bring rapid o v era ll vaccination  w ith in  
the realms of th e o r e tic a l p o s s ib i l i t y .
Unfortunately, past experience with nasal vaccin ation  
has not been encouraging (e .g . Francis, 1940; Burnet, 1943; 
Henle, Henle & Stokes, 1943).
A ca re fu l examination of these t r ia l s  shows, however, 
th at t h is  technique may have been too r ea d ily  condemned.
Thus, extrem ely large doses o f v iru s have been generally
used  and th e s e  a re  known to  be to x ic  p e r  se (H enle & H enle, 
194-6; Sugg, 1949)* I t  i s  c o n c e iv a b le  t h a t  th e  r e a c t io n s  
fo llo w in g  n a s a l  i n s t i l l a t i o n  of la r g e  d o ses  o f  v i r u s  w ere 
due to  to x ic  e f f e c t s .  S m a lle r  doses o f  v i r u s  w ere found 
g e n e ra l ly  to  p roduce no d e te c ta b le  a n tib o d y  re sp o n se  and 
t h e i r  p r o te c t iv e  e f f e c t  a g a in s t  n a tu ra l  in f lu e n z a l  in f e c t io n  
h as  n o t y e t been in v e s t ig a t e d .  I t  i s  v e ry  commonly assumed 
i n  s tu d ie s  w ith  in f lu e n z a  v a c c in a t io n  th a t  serum a n tib o d y  
i s  equated  d i r e c t l y  w ith  im m unity to  in f e c t io n ,  an  un­
w a r ra n ta b le  assum ption  in  v iew  o f th e  r e s u l t s  to  be d e s c r ib e d .
Our ex p e rim en ts , c a r r i e d  out i n  m ice, have in v o lv ed  th e  
com parison o f m ouse-adap ted  and unadap ted  l i n e s  o f  th e  
A /E n g la n d /l/5 1  v i r u s  g iv e n  in  th e  a c t iv e  form  by th e  i n t r a ­
n a s a l  r o u te .  The te c h n iq u e  used  was to  in o c u la te  groups 
o f m ice i n t r a n a s a l l y  w ith  s e r i a l  d i l u t io n s  o f th e  v i r u s  to  
be t e s t e d .  F o u rteen  days l a t e r ,  h a ll ' th e  m ice o f  each group 
w ere c h a lle n g e d  w ith  100 LD^q of m ouse-adapted A /E n g lan d /l/5 1  
v i r u s ;  th e  rem ainder were b le d  ou t and t h e i r  s e ra  te s t e d  
in d iv id u a l ly .  The m ouse-adapted  A /E n g lan d /l/5 1  v i r u s  k i l l s
mice up to  a d i l u t i o n  o f 10 The r e s u l t s  o f sn experim en t
-4  _Ao f t h i s  ty p e  u s in g  d i lu t io n s  o f  10 to  10 a re  shown in  
T ab le  XIV.
T ab le  XIV shows th a t  a t  10"^ and 10” ^ d i lu t io n s  some 
m ice show p r o te c t io n  to  c h a lle n g e  and some show th e  developm ent 
o f serum a n t ih a e m a g g lu tin in , th e  two a c t i v i t i e s  ru n n in g  ro u g h ly
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p a r a l l e l .  At 10“? and 10“® d i l u t io n s  th e re  i s  n e i th e r  
s ig n i f i c a n t  p r o te c t io n  n o r a n tih a e m a g g lu tin in .
By c o n t r a s t  th e  r e s u l t s  o f  a s im i la r  experim en t w ith  
th e  unadap ted  l i n e  o f A /E n g la n d /l/5 1  v i r u s  a re  shown i n  Table 
XV. The v i r u s  does n o t cause m acroscop ic  lu n g  l e s io n s  p e r  se
and a t  low d i l u t io n s  i t  in d u c e s  r e s i s ta n c e  to  c h a lle n g e  a t
a tim e when no a n tih a e m a g g lu tin in  cou3.d be d e te c te d .  In  
o th e r  ex p erim en ts  p r o te c t io n  up to  a 10“^ d i l u t io n  was o b se rv ed . 
The o b se rv a tio n  th a t  unadap ted  v i r u s  w i l l  immunise a g a in s t  
m ouse-adapted  v i ru s  has been made on a number o f o c c a s io n s  
i n  th e  p a s t  ( e .g .  Shope, 1935); th e  p re s e n t  ex p erim en ts  a re
i n t e r e s t i n g  because th e y  te n d  to  th row  some l i g h t  on th e
p o s s ib le  mechanism o f t h i s  p r o te c t iv e  e f f e c t .
The p o s s i b i l i t y  w as c o n s id e re d  t h a t  th e  u n aaap ted  v i r u s  
p r o te c t s  by s e n s i t i s i n g  th e  an tib o d y -p ro d u c in g  mechanism so t h a t  
th e  mouse responds to  th e  c h a lle n g e  v i r u s  by  r a p id  p ro d u c tio n  of 
a n tib o d y . Some ev idence f o r  t h i s  th e o ry  was o b ta in e d . Mice 
were g iv e n  a dose o f A /E n g lan d /l/5 1  v i r u s  i n t r a n a s a l l y  and a 
second dose 14 days l a t e r  and t h e i r  an tih a e m a g g lu tin  re sp o n se s  
m easured . The r e s u l t s  a re  shown in  T ab le XVI. C o n tro ls  
showed t h a t  n e i th e r  th e  f i r s t  n o r  the second dose a lone  
produced m easurab le  a n t ih a e m a g g lu tin in , b u t th e  f i r s t  dose 
s e n s i t i s e d  th e  an im als so t h a t  th e y  responded  to  th e  second 
in j e c t i o n  by p roducing  a n tih a e m a g g lu tin in s  to  g ive  q u i te  h ig h  
t i t r e £  I t  may be supposed th e r e f o r e  t h a t  th e  ad ap ted  l i n e  had
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v i r u s .  O akley and b a r ra c k  (1940) had shown t h a t  i n t r a -
n a s a l  in f e c t io n  p roduced  a b ro a d e r a n tib o d y  re sp o n se  th a n
p a r e n t e r a l  i n j e c t i o n .  Groups o f 10 m ice w ere  in o c u la te d
in t r a n a s a l l y  w ith  A /E n g la n d /l/5 1  v i r u s  and c h a lle n g e d  14
days l a t e r  w ith  a dose o f ap p ro x im ate ly  100 LDr „ o f d i f f e r e n t
50
c h a lle n g e  v i r u s e s .  T ab le XVIII shows th a t  I n f e c t io n  w ith  
A /E n g la n d /l/5 1  v i r u s  produced q u i te  a b road  p r o te c t io n ,  w hich 
was a c t iv e  a g a in s t  100 LD^q o f  r e l a t e d  m ouse-adapted  nA -prim en 
v i r u s e s  a lth o u g h  n o t s i g n i f i c a n t l y  so  w ith  th e  d i s t a n t l y  
r e l a t e d  Ws, PR8 and MEL v i r u s  s t r a i n s .  T h is  r e s u l t  p o in ts  
c l e a r ly  to  the  f a c t  t h a t  th e  p r o te c t io n  r e s t s  on an immuno­
lo g i c a l  b a s is  and i s  n o t concerned  w ith  th e  in te r f e r e n c e  
phenomena o r w ith  some n o n - s p e c if ic  mechanism o f im m unity.
These r e s u l t s  su g g es t th a t  th e  p o s s i b i l i t y  o f i n t r a n a s a l  
v a c c in a t io n  o f man w ith  l i v e  in f lu e n z a  v i r u s  may be w o rth  
r e - in v e s t i g a t io n .  We have n o t found any r e p o r ts  i n  th e  
l i t e r a t u r e  o f  t e s t s  o f im munity to  n a tu r a l  in f e c t io n  o r  th e  
developm ent of co m p lem en t-fix ing  an tib o d y  fo llo w in g  th e  i n t r a ­
n a s a l  i n s t i l l a t i o n  o f  sm a ll d o ses  of egg-grow n in f lu e n z a  v i r u s .  
Dr. Andrewes and I  hope to  s t a r t  experim en ts o f t h i s  ty p e  in  
th e  n e a r  f u t u r e .
E s s e n t i a l l y  th e  e x p e rim en ts  w i l l  be d es ig n ed  to  answ er 
th r e e  q u e s tio n s ,  i n  th e  fo llo w in g  o r d e r : -
1 . Can sm all d o ses  o f egg-grown in f lu e n z a  v i r u s  be 
g iv e n  to  man u n d er c o n d it io n s  in  which one can be su re  t h a t
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2 . Can a dose o f v i r u s  be found s u f f i c i e n t l y  sm a ll to  be 
n o n - to x ic ,  b u t s u f f i c i e n t l y  la rg e  to  produce a n tib o d y  to  th e  
compleme n t - f i x in g  a n tig e n ?
3 .  I f  q u e s tio n s . 1 and 2 can  be answ ered s a t i s f a c t o r i l y ,
i t  would su g g es t t h a t  th e  v iru s  co u ld  be g iv en  in  d o ses  i n  w hich  
i t  would m u l t ip ly  ( s in c e  a n tib o d y  to  th e  s o lu b le  a n t ig e n  i s  an  
in d e x  o f v i r u s  m u l t ip l ic a t io n )  w ith o u t p ro d u c in g  i l l n e s s .  I t  
w ould th e n  be p o s s ib le  to  pose th e  t h i r d  q u e s tio n , w h e th e r 
p r o te c t io n  to  n a tu r a l  in f e c t io n  w ould r e s u l t .
The exp erim en ts  may ta k e  a few y e a rs  to  c a r ry  ou t b u t we a r e  
.ap p ro ach in g  them  in  a s p i r i t  o f c a u t io u s  op tim ism . W hether 
in f lu e n z a  v a c c in a t io n  shou ld  be advoca ted  a s  a g e n e ra l  m easure 
i s  q u i t e  a n o th e r  q u e s t io n ;  our p re s e n t  o b je c t iv e  i s  m ere ly  to  
t r y  t o  g a in  th e  knowledge o f  w h eth er i t  can be made t o  w ork .
V II. SUMMARY
The subject I s  introduced in  Chapter I .  Chapter I I  contains 
an account o f  the techniques o f study used in  the laboratory  
in v e s t ig a t io n s . Chapter I I I  considers the an tigen ic  characters  
of the in flu en za  v ir u ses . A ll the evidence poin ts to  the b e l ie f  
th at a n tig e n ic a lly  new v a r ie t ie s  o f influenza A v iru ses  are 
con tin u a lly  emerging to  replace o lder v a r ie t ie s .  This statement 
prompts a d ig ress io n  in to  the recen tly  reported is o la t io n s  o f  
stra in s  of v iru s id e n t ic a l to  s tr a in s  recovered 10-20 years 
e a r lie r ;  i t  i s  shown that the evidence that these s tra in s  
represent genuine is o la t io n s  i s  fa r  from complete and th a t the  
p o s s ib i l i t y  o f laboratory contam inations in  the cases in v estig a ted  
cannot reasonably be excluded. An account i s  given of the  
antigen ic  characters of older and more recent in flu en za  A v iru ses , 
the la t t e r  received  as part o f the World Health O rganisation^  
programme on in flu en za . The in fluenza  B and C v iru ses  are 
discussed  b r ie f ly .  Chapter IV describes the so -c a lled  P-Q 
v a r ia tio n  in  in fluen za  v ir u ses . The natural occurrence and 
laboratory induction  of th ese varian ts are d iscussed  and an 
attempt i s  made to  estim ate the ep idem iological s ig n ifica n ce  
of the phenomenon. Evidence i s  presented for the theory that 
P-Q va r ia tio n  represents an a lte r a tio n  in  the arrangement of 
the antigen ic components w ith in  the v irus p a r t ic le . In Chapter 
V some conclusions are drawn about the epidemiology of in fluenza
from  th e se  r e s u l t s .  An a tte m p t i s  made to  r e l a t e  th e  
c h a r a c t e r i s t i c  e p id e m io lo g ic a l b eh av io u r o f  in f lu e n z a  A, B 
and C v i r u s e s  to  t h e i r  d i f f e r e n t  d eg ree s  o f a n t ig e n ic  v a r i a b i l i t y  
The im p o rtan ce  o f th e  a n t ig e n ic  v a r i a b i l i t y  o f th e  v iru s  and th e  
p a s t  e x p e rie n c e  o f a p o p u la tio n  to  in f e c t io n  w ith  a n t ig e n ic a l ly  
r e l a t e d  v i r u s e s  i s  i l l u s t r a t e d  by an accoun t o f an  in f lu e n z a  
epidem ic in  Ocean I s la n d .  The ev idence  f o r  t r a n s c o n t in e n ta l  
sp re a d  o f  v i r u s  i s  p re s e n te d  and th e  o r ig in  o f  In f lu e n z a  epidem ic 
d is c u s s e d .  C hap ter VI i s  concerned  w ith  th e  p re v e n tio n  o f 
in f lu e n z a .  The su ccesse s  and f a i l u r e s  o f  p a r e n t e r a l  v a c c in a t io n  
a re  c o n s id e re d  and m ethods f o r  im proving  i t s  e f f i c i e n c y  a re  
d e s c r ib e d .  F in a l ly ,  la b o ra to ry  ev idence  i s  adduced t h a t  n a s a l  
v a c c in a t io n  w ith  l i v e  a t te n u a te d  v i r u s  h as  a sound t h e o r e t i c a l  
b a s i s  and d e se rv e s  f u r t h e r  experim en ts  i n  man.
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